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(54) Radiation Image read-out method and apparatus 

(57) Stimulating rays produced by a tine tight source 
are linearly irradiated onto an area of a stimulate phos- 
phor sheet (50), on which a radiation image has been 
stored, the stimulating rays causing the sheet to emit 
light in proportion to an amount of energy stored ther- 
eon during its exposure to radiation. Light emitted from 
the exposed linear area of the sheet is received with a 
line sensor (20) comprising photoelectric conversion 
devices (21) arrayed along each of a length direction of 
the linear area of the stimulate phosphor sheet and a 
direction normal to the length direction. The sheet is 
moved with respect to the line light source and the line 
sensor and in a direction different from the length direc- 
tion of the linear area of the sheet. Operation process- 
ing is performed on outputs of the photoelectric 
conversion devices, which outputs have been obtained 
at respective positions of movement and correspond to 
an identical site on the sheet- 
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Description 

BACKGROUND OF THE; INVENTION 
Hel d Q f the InvgntipQ 

[0001] This invention relates to a radiation image 
read-out method and apparatus. This invention particu- 
larly relates to a radiation image read-out method and 
apparatus, wherein light emitted by a stimulabie phos- 
phor sheet is detected with a line sensor or an area sen- 
sor. 

Description of the Prior Art 

[0002] It has been proposed to use stimulabie phos- 
phors in radiation image recording and reproducing sys- 
tems. Specifically, a radiation image of an object such 
as a human body, is recorded on a stimulabie phosphor 
sheet, which comprises a substrate and a layer of the 
stimulabie phosphor overlaid on the substrate. Stimulat- 
ing rays, such as a laser beam, are deflected and 
caused to scan pixels in the radiation image, which has 
been stored on the stimulabie phosphor sheet, one after 
another. The stimulating rays cause the stimulabie 
phosphor sheet to emit light In proportion to the amount 
of energy stored thereon during its exposure to the radi- 
ation. The light emitted successively from the pixels in 
the radiation image having been stored on the stimula- 
bie phosphor sheet, upon stimulation thereof, is photoe- 
lectrical^ detected and converted into an electric image 
signal by photoelectric read-out means. The stimulabie 
phosphor sheet, from which the image signal has been 
detected, is then exposed to erasing light, and radiation 
energy remaining thereon is thereby released. 
[0003] The image signal, which has been obtained 
from the radiation image recording and reproducing 
systems, is then subjected to image processing, such 
as gradation processing and processing in the fre- 
quency domain, such that a visible radiation image, 
which has good image quality and can serve as an 
effective tool in, particularly, the efficient and accurate 
diagnosis of an illness, can be obtained. The image sig- 
nal having been obtained from the image processing is 
utilized for reproducing a visible image for diagnosis, or 
the like, on film or on a high resolution cathode ray tube 
(CRT) display device. The stimulabie phosphor sheet, 
from which residual radiation energy has been released 
with the erasing tight, can be used again for the record- 
ing of a radiation image. 

[0004] Novel radiation image read-out apparatuses for 
use in the radiation image recording and reproducing 
systems described above have been proposed in, for 
example, Japanese Unexamined Patent Publication 
Nos. 60(1985)-1 11568, 60(1 985)-236354. and 1(1989)- 
1 01 540. In the proposed radiation image read-out appa- 
ratuses, from the point of view of keeping the emitted 
light detection time short, reducing the size of the appa- 



ratus, and keeping the cost low, a line light source for 
Irradiating linear stimulating rays onto a stimulabie 
phosphor sheet is utilized as a stimulating ray source, 
and a fine sensor comprising a plurality of photoelectric 
5 conversion devices arrayed along the length direction of 
a linear area of the stimulabie phosphor sheet, onto 
which the stimulating rays are irradiated by the tine light 
source, is utilized as photoelectric read-out means. 
Also, the proposed radiation image read-out appara- 
w tuses comprise scanning means for moving the stimula- 
bie phosphor sheet with respect to the line light source 
and the tine sensor and in a direction, which is approxi- 
mately normal to the length direction of the linear area 
of the stimulabie phosphor sheet. 
is [0005] Figures 6A, 6B, and 60 are explanatory views 
showing relationship between a line width of light emit- 
ted by a stimulabie phosphor sheet and a photoelectric 
conversion device constituting a conventional line sen- 
sor. In Figure 6A, a beam width (a line width) of light M 
20 emitted linearly (i.e. , in a linear pattern extending along 
a direction normal to the plane of the sheet of Figure 
6A) by a stimulabie phosphor sheet 50 is represented 
by d M . Figures 6B and 6C show the distribution of the 
intensity of the emitted light M along the line width direc- 
25 tion. As illustrated in Figure 6B, in cases where the emit- 
ted light M is collected by a line sensor, in which a light 
receiving width dp of each photoelectric conversion 
device is smaHer than the line width d M , the light collect- 
ing efficiency cannot be kept high. Also, as illustrated in 
30 Figure 60, in cases where the emitted tight M is col- 
lected by a tine sensor, in which the light receiving width 
dp of each photoelectric conversion device is approxi- 
mately equal to the line width d u , the light collecting effi- 
ciency can be kept high. However, in such cases, since 
35 the size of each pixel is targe, the problems occur in that 
the resolution cannot be kept high. (The same problems 
occur also when each photoelectric conversion device 
has a rectangular shape such that the length along the 
line width direction may be larger than the length in the 
40 direction along which the line extends.) 

[0006] The emitted light M has the intensity distribu- 
tion shown in Figures 6B and 6C since the line width of 
the stimulating rays L becomes large before impinging 
upon the stimulabie phosphor sheet 50, since, as illus- 
45 trated in Figures 3A and 36, the stimulating rays L of a 
line width d u (<d M ) having entered into the stimulabie 
phosphor sheet 50 are scattered in the stimulabie phos- 
phor sheet 50, and since the emitted light M having 
occurred in the stimulabie phosphor sheet 50 is seat- 
so tered in the stimulabie phosphor sheet 50 before being 
radiated out of the surface of the stimulabie phosphor 
sheet 50. 
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SUMMARY OF THE INVENTION 

[0007] The primary object of the present invention is 
to provide a radiation image read-out method, wherein 
desired resolution is obtained and the efficiency, with 
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which light emitted by a stimulate phosphor sheet is 
collected by a line sensor, is kept high. 
[0008] Another object of the present invention is to 
provide a radiation image read-out method, wherein 
directivity of stimulating rays radiated out of a line light s 
source is kept high, the intensity of the radiated stimu- 
lating rays is kept high, and an image having a high sig- 
nal-to-noise ratio is thereby obtained. 
[0009] A further object of the present invention is to 
provide a radiation image read-out method, which ena- to 
Wes a radiation image read-out apparatus to be formed 
in a smaller outer shape than that of a conventional radi- 
ation image read-out apparatus. 
[001 0] A still further object of the present invention is 
to provide a radiation image read-out method , wherein a is 
line light source and a line sensor are utilized and an 
image signal appropriate for reproduction of a visible 
radiation image having a high signal-to-noise ratio is 
capable of being obtained. 

[0011] Another object of the present invention is to so 
provide a radiation image read-out method, wherein a 
line light source and a line sensor are utilized and image 
signals for energy subtraction processing are capable of 
being obtained easily. 

[0012] A further object of the present invention is to 2s 
provide a radiation image read-out method, wherein 
light emitted by a stimulate phosphor sheet is detected 
quickly and accurately as with a pnotomuttipiier, the effi- 
ciency with which the weak emitted light is utilized is 
enhanced, and an image signal appropriate for repro- 30 
duction of a visible radiation image having a high signal- 
to-noise ratio is capable of being obtained. 
[0013] The specific object of the present invention is 
to provide apparatuses for carrying out the radiation 
image read-out methods. ss 
[0014] A first radiation image read-out method in 
accordance with the present invention is characterized 
by detecting light, which is emitted from a linear area of 
a stimulable phosphor sheet, with a tine sensor com- 
prising a plurality of photoelectric conversion devices 40 
arrayed along two-dimensional directions, performing 
operation processing on outputs of the photoelectric 
conversion devices, which outputs have been obtained 
at respective scanning positions and correspond to an 
identical site on the stimutable phosphor sheet and 45 
thereby enhancing a light collecting efficiency. 
[0015] Specifically, the present invention provides a 
first radiation image read-out method, comprising the 
steps of: 

60 

i) linearly irradiating stimulating rays, which have 
been produced by a line tight source, onto an area 
of a front surface of a stimutable phosphor sheet, on 
which a radiation image has been stored, the stim- 
ulating rays causing the stimulable phosphor sheet ss 
to emit light in proportion to an amount of energy 
stored thereon during its exposure to radiation, 

ii) receiving light, which is emitted from the linear 



area of the front surface of the stimulable phosphor 
sheet exposed to the linear stimulating rays or from 
a linear area of a back surface of the stimutable 
phosphor sheet corresponding to the linear area of 
the front surface of the stimulable phosphor sheet, 
with a line sensor comprising a plurality of photoe- 
lectric conversion devices arrayed along each of a 
length direction (i.e., a major axis direction) of the 
linear area of the stimulable phosphor sheet and a 
direction (i.e., a minor axis direction) normal to the 
length direction, the received light being subjected 
to photoelectric conversion performed by the tine 
sensor, 

iii) moving the stimulable phosphor sheet with 
respect to the line light source and the line sensor 
and in a direction different from the length direction 
of the linear area of the stimulable phosphor sheet, 

iv) successively reading outputs of the line sensor 
in accordance with the movement, and 

v) performing operation processing on the outputs 
of the photoelectric conversion devices, which out- 
puts have been obtained at respective positions of 
movement and correspond to an identical site on 
the stimulable phosphor sheet. 

[001 6] As the line sensor, an amorphous silicon sen- 
sor, a charge coupled device (CCD) image sensor, a 
CCD image sensor with back illuminator, a metal oxide 
semiconductor (MOS) image sensor, or the like, may be 
employed. The line sensor may comprise a plurality of 
sensor chips (CCD image sensor chips, MOS image 
sensor chips, or the like) arrayed in a straight line or in a 
zigzag pattern along the length direction of the linear 
area of the stimulable phosphor sheet Each of the sen- 
sor chips may comprise a plurality of photoelectric con- 
version devices arrayed in two-dimensional directions 
and in a matrix-like pattern or in a zigzag pattern. 
[0017] In the first racfiation image read-out method in 
accordance with the present invention, as the line tight 
source, a fluorescent lamp, a cold cathode fluorescent 
lamp, alight emitting diode (LED) array, or the like, may 
be employed. The tine tight source is not limited to a 
light source having a linear shape as in the fluorescent 
larrp and may be one of various other light sources, 
such as broad area lasers (e.g., a broad area semicon- 
ductor laser) and electroluminescence (EL) devices, 
which irradiate one-dimensional stimulating rays onto 
the surface of the stimulable phosphor sheet. The LED 
array or the broad area laser should preferably be 
employed as the line tight source, and a cylindrical lens, 
or the like, for suppressing spread of the stimulating 
rays to the direction (i.e., the mirror axis direction), which 
is normal to the length direction (i.e., the major axis 
direction) of the line of the stimulating rays, such that the 
stimulating rays having been radiated out of the light 
source may take on the form of the linear stimulating 
rays on the surface of the stimulable phosphor sheet 
[0018] The stimulating rays may be radiated continu- 
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ously out of thG iinG light source or may be pulsed stim- 
ulating rays radiated intermitterrtly out of the line light 
source. From the point of view of reducing noise, the 
stimulating rays should preferably be pulsed stimulating 
rays having high intensity. 

[0019] The length of the irradiation region of the stim- 
ulating rays, which have been radiated out of the tine 
light source, on the stimulable phosphor sheet, the 
length being taken along the major axis direction, 
should preferably be equal to or longer than the length 
of one side of an effective image storing region of the 
stimulable phosphor sheet In cases where the length of 
the irradiation region of the stimulating ray6 on the stim- 
ulable phosphor sheet is longer than the length of one 
side of the effective image storing region of the stimula- 
ble phosphor sheet, the stimulating rays may be irradi- 
ated from an oblique angle with respect to the side of 
the effective image storing region of the stimulable 
phosphor sheet. 

[0020] In order for the degree of convergence of the 
stimulating rays, which have been radiated out of the 
line light source, on the stimulable phosphor sheet to be 
enhanced, the aforesaid cylindrical lens, a slit, a 
SELFOC lens (rod lens) array, a fluorescent light guid- 
ing sheet, an optical fiber bundle, or the like, or a combi- 
nation of two or more of the above-enumerated 
elements should preferably be located between the line 
light source and the stimulable phosphor sheet. In 
cases where the optimum secondary stimulation wave- 
length for the stimulable phosphor sheet is approxi- 
mately GOOnm. the fluorescent light guiding sheet 
should preferably contain Eu 3 * (luminescence center) 
as an activator of a fluorescent substance and should 
preferably be constituted of a glass or polymeric 
medium. 

[0021] The beam width of the stimulating rays, which 
have been radiated out of the line light source, on the 
stimulable phosphor sheet should preferably fall within 
the range of lOum to 4,O00um. 
{0022] In order for the degree of convergence of the 
light, which is emitted from respective areas of the stim- 
ulable phosphor sheet, on the tine sensor to be 
enhanced, a distributed index lens array such as a 
SELFOC lens array or a rod lens array, constituted of an 
image forming system in which an object surface and an 
image surface correspond to each other in one-to-one 
relationship, a cylindrical lens, a slit, an optical fiber bun- 
dle, or the like, or a combination of two or more of the 
above-enumerated elements should preferably be 
located between the stimulable phosphor sheet and the 
line sensor. 

[0023] A stimulating ray cut-off filter (a sharp cut-off fil- 
ter or a band-pass fHter) for transmitting only the light 
emitted by the stimulable phosphor sheet and filtering 
out the stimulating rays should preferably be located in 
the optical path of the emitted light between the stimula- 
ble phosphor sheet and the line sensor. In this manner, 
the stimulating rays should preferably be prevented from 



impinging upon the line sensor. 
[0024] The size of a light receiving surface of each of 
the photoelectric conversion devices constituting the 
line sensor is set to be smaller than the beam width of 

5 the tight which is emitted by the stimulable phosphor 
sheet exposed to the stimulating rays having the beam 
width described above, on the light receiving surface of 
the line sensor. A plurality of the photoelectric conver- 
sion devices are arrayed along each of the length direc- 

io tion (i.e., the major axis direction) of the beam of the 
emitted light and the beam width direction (i.e., the 
minor axis direction). The length of the entire line sensor 
is set to be approximately equal to or longer than the 
length of the beam of the emitted light, and the width of 

is the entire line sensor is set to be approximately equal to 
the beam width of the emitted light The plurality of the 
photoelectric conversion devices may be arrayed in a 
matrix-like pattern such that they may stand in a straight 
line along each of the major axis direction and the minor 

20 axis direction. Alternatively, the photoelectric conver- 
sion devices may be arrayed such that they may stand 
in a straight line along the major axis direction and in a 
zigzag pattern along the minor axis direction. As 
another alternative, the photoelectric conversion 

25 devices may be arrayed such that they may stand in a 
straight line along th* minor axis direction and in a zig- 
zag pattern along the major axis direction. As a further 
alternative, the photoelectric conversion devices may be 
arrayed such that they may stand in a zigzag pattern 

30 along each of the major axis direction and the minor 
axis direction. 

[0025] In cases where the line sensor is constituted of 
a large number of photoelectric conversion devices and 
there is the risk that adverse effects will occur with 

35 respect to a transfer rate, memory devices correspond- 
ing to the respective photoelectric conversion devices 
may be utilized, and an electric charge having been 
accumulated in each of the photoelectric conversion 
devices during a charge accumulation period may be 

40 stored in the corresponding memory device, in the next 
charge accumulation period, the electric charge may be 
read from; each memory device. In this manner, the 
charge accumulation time may be prevented from 
becoming short due to an increase in the charge trans- 

45 fertime. : 

[0026] The number of the photoelectric conversion 
devices arrayed in each row along the major axis direc- 
tion of the line sensor should preferably be at least 
1 ,000. The length of the line sensor, as measured at the 

bo light receiving surface, should preferably be longer than 
or equal to the length of one side of the effective image 
storing region of the stimulable phosphor sheet. 
[0027] As will be understood from the specification, it 
should be noted that the term "moving a stimulable 

55 phosphor sheet with respect to a line light source and a 
line sensor" as used herein means movement of the 
stimulable phosphor sheet relative to the line light 
source and the line sensor, and embraces the cases 
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wherein the stimulable phosphor sheet is moved while 
the line light source and the line sensor are kept station- 
ary, the cases wherein the line light source and the line 
sensor are moved while the stimulable phosphor sheet 
is kept stationary; and the cases wherein both the stim- 5 
ulable phosphor sheet and the line light source and the 
line sensor are moved. In cases where the line tight 
source and the line sensor are moved, they should be 
moved together with each other. 

[0028] The term "position of movement" as used to 
herein means the position at the time at which the pho- 
toelectric detection is performed by the line sensor and 
does not mean the position through which the stimula- 
ble phosphor sheet or the tine light source and the line 
sensor pass at any given instant during the movement, is 
[0029] The direction along which the stimulable phos- 
phor sheet is moved with respect to the line light source 
and the line sensor (i.e., the direction different from the 
length direction of the exposed linear area of the stimu- 
lable phosphor sheet) should preferably be the direction 20 
approximately normal to the length direction of the 
exposed linear area of the stimulable phosphor sheet 
(i.e.. should preferably be the minor axis direction). 
However, the direction along which the stimulable phos- 
phor sheet is moved with respect to the line light source 25 
and the line sensor is not limited to the minor axis direc- 
tion. For example, in cases where the lengths of the line 
light source and the line sensor are longer than one side 
of the stimulable phosphor sheet as described above, 
the stimulable phosphor sheet may be moved with 30 
respect to the line light source and the line sensor along 
an oblique direction with respect to the direction approx- 
imately normal to the length direction of the line light 
source and the line sensor or along a zigzag movement 
direction, such that approximately the entire surface of 35 
the stimulable phosphor sheet may be uniformly 
exposed to the stimulating rays. 
[0030] The Kne light source and the line sensor may 
be located on the same surface side of the stimulable 
phosphor sheet or on opposite surface sides of the stim- 40 
ulable phosphor sheet. In cases where the line light 
source and the line sensor are located on opposite sur- 
face sides of the stimulable phosphor sheet, the sub- 
strate of the stimulable phosphor sheet, or the like, 
should be formed from a material permeable to the 45 
emitted light, such that the emitted tight may permeate 
to the surface side of the stimulable phosphor sheet 
opposite to the surface on the stimulating ray incidence 
side. 

[0031 ] The operation processing may be simple addi- so 
tion processing, weighted addition processing, or one of 
various other kinds of operation processing. In cases 
where the simple addition processing or the weighted 
addition processing is employed, addition means may 
be utilized as means for performing the operation ss 
processing. 

[0032] Unless otherwise specified, the foregoing 
explanation of the first radiation image read-out method 
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in accordance with the present invention also applies to 
various other radiation image read-out methods in 
accordance with the present invention, which will be 
described later. 

[0033] A second radiation image read-out method in 
accordance with the present invention is characterized 
by reading out a radiation image, which has been stored 
on a stimulable phosphor sheet, by irradiating a linear 
laser beam, which has been radiated out of a broad 
area laser, onto the stimulable phosphor sheet. 
[0034] Specifically, the present invention also provides 
a second radiation image read-out method, comprising 
the steps of: 

i) linearly irradiating stimulating rays, which have 
been produced by a One light source, onto an area 
of a front surface of a stimulable phosphor sheet, on 
which a radiation image has been stored, the stim- 
ulating rays causing the stimulable phosphor sheet 
to emit light in proportion to an amount of energy 
stored thereon during its exposure to radiation, 

ii) receiving light, which is emitted from the linear 
area of the front surface of the stimulable phosphor 
sheet exposed to the linear stimulating rays or from 
a linear area of a back surface of the stimulable 
phosphor sheet corresponding to the linear area of 
the front surface of the stimulable phosphor sheet, 
with a line sensor comprising a plurality of arrayed 
photoelectric conversion devices, the received tight 
being subjected to photoelectric conversion per- 
formed by the line sensor, 

iii) moving the stimulable phosphor sheet with 
respect to the line light source and the line sensor 
and in a direction different from a length direction of 
the linear area of the stimulable phosphor sheet, 
and 

rv) successively reading outputs of the photoelectric 
conversion devices of the line sensor in accordance 
with the movement, 

wherein the line light source is a broad area laser, 
which linearly radiates out the stimulating rays. 

[0035] In the second radiation image read-out method 
in accordance with the present invention, the laser 
beam (i.e.. the stimulating rays) may be radiated contin- 
uously out of the broad area laser or may be a pulsed 
beam radiated intermittently out of the broad area laser. 
From the point of view of reducing noise, the laser beam 
should preferably be a pulsed beam having high inten- 
sity. The wavelength of the laser beam produced by the 
broad area laser may fall within the range of 600nm to 
l.OOOnm and should preferably fall within the range of 
600nm to 700nm. 

[0036] The length of the irradiation region of the laser 
beam, which has been radiated out of the broad area 
laser, on the stimulable phosphor sheet, the length 
being taken along the major axis direction, should pref- 
erably be equal to or longer than the length of one side 
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of the effective image storing region of the stimulable 
phosphor sheet. In cases where the length of the irradi- 
ation region of the laser beam on the stimulable phos- 
phor sheet is longer than the length of one side of the 
effective image storing region of the stimulable phos- 
phor sheet the laser beam may be irradiated from an 
oblique angle with respect to the side of the effective 
image storing region of the stimulable phosphor sheet. 
[0037] The term "broad area laser" as used herein 
means the laser which produces the laser beam in the 
linear pattern. The broad area laser should preferably 
be a broad area semiconductor laser constituted such 
that the length of the active layer along the major axis 
direction may fall within the range of 50um to 1,000um 
and the length of the active layer along the minor axis 
direction may tall within the range of 0.1 urn to 1Qiim. 
However, the broad area laser employed in the second 
radiation image read-out method in accordance with the 
present invention is not limited to the broad area semi- 
conductor laser and may be one of various other lasers 
which produces the laser beam in the linear pattern. 
10038] The line sensor employed in the second radia- 
tion image read-out method in accordance with the 
present invention may comprise the plurality of the pho- 
toelectric conversion devices arrayed along only the 
length direction (i.e., the major axis direction). Alterna- 
tively, as in the first radiation image read-out method in 
accordance with the present invention, the line sensor 
may comprise the plurality of the photoelectric conver- 
sion devices arrayed along each of the major axis direc- 
tion and the minor axis direction, which is normal to the 
major axis direction. 

[0039] In the second radiation image read-out method 
in accordance with the present invention, as in the first 
radiation image read-out method in accordance with the 
present invention, the line sensor may comprise the plu- 
rality of the photoelectric conversion devices arrayed 
along each of the major axis direction of the linear area 
of the stimulable phosphor sheet and the minor axis 
direction normal to the major axis direction, and the 
operation processing may be performed on the outputs 
of tie photoelectric conversion devices, which outputs 
have been obtained at respective positions of move- 
ment and correspond to an identical site on the stimula- 
ble phosphor sheet. In such cases, if the beam width of 
the light emitted by the stimulable phosphor sheet is 
larger than the width of each photoelectric conversion 
device, the line sensor as a whole can receive the emit- 
ted light over approximately the entire beam width. The 
operation processing, such as addition processing, i6 
performed on the outputs of the photoelectric conver- 
sion devices, which outputs correspond to an identical 
site on the stimulable phosphor sheet. In this manner, 
the light receiving efficiency can be enhanced. 
[0040] The number of the photoelectric conversion 
devices arrayed along the major axis direction of the line 
sensor should preferably be at least 1 ,000. The length 
of the line sensor, as measured at the light receiving 



surface, should preferably be longer than or equal to the 
length of one side of the effective image storing region 
of the stimulable phosphor sheet In cases where the 
length of the light receiving surface of the fine sensor is 
? longer than the length of one side of the effective image 
storing region of the stimulable phosphor sheet, the line 
sensor may be located obliquely with respect to the side 
of the effective image storing region of the stimulable 
phosphor sheet 
io [0041] The broad area laser and the line sensor may 
be located on the same surface side of the stimulable 
phosphor sheet or on opposite surface sides of the stim- 
ulable phosphor sheet. In cases where the broad area 
laser and the line sensor are located on opposite sur- 
15 face sides of the stimulable phosphor sheet, the sub- 
strate of the stimulable phosphor sheet, or the like, 
should be formed from a material permeable to the 
emitted light, such that the emitted light may permeate 
to the surface side of the stimulable phosphor sheet 
20 opposite to the surface on the stimulating ray incidence 
side. 

[0042] The stimulating rays irradiated to the stimulable 
phosphor sheet should preferably have an intensity fall- 
ing within a range such that the power may not vary. In 
25 cases where the stimulating rays has an intensity falling 
within a range such that the power may vary, the inten- 
sity of the stimulating rays may be monitored with a 
monitoring means. When variation in power occurs, the 
broad area taser may be modulated with broad area 
so laser modulating means more quickly than the photoe- 
lectric conversion speed of the photoelectric conversion 
devices such that the power of the broad area laser may 
become equal to a predetermined value. In this manner, 
adverse effects of power variation may be suppressed. 
35 [0043] Third and fourth radiation image read-out 
methods in accordance with the present invention are 
characterized by overlapping part of an optical path of 
stimulating rays from a line light source to a stimulable 
phosphor sheet and part of an optical path of emitted 
40 light from the stimulable phosphor sheet to a line sen- 
sor, thereby reducing the space occupied by the optical 
paths and reducing the size of an entire radiation image 
read-out apparatus. 

[0044] Specifically, the present invention further pro- 
45 vides a third radiation image read-out method, compris- 
ing the steps of: 

i) linearly radiating stimulating rays, which have 
been produced by a line light source, 
so ii) guiding the tinear stimulating rays to an area of a 
stimulable phosphor sheet, on which a radiation 
image has been stored, with stimulating ray guiding 
means, the stimulating rays causing the stimulable 
phosphor sheet to emit light in proportion to an 
55 amount of energy stored thereon during its expo- 
sure to radiation, 

iii) guiding light, which is emitted from the linear 
area of the stimulable phosphor sheet exposed to 
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the linear stimulating rays, with emitted light guiding 
means to a line sensor comprising a plurality of 
photoelectric conversion devices arrayed along a 
length direction of the linear area of the stimulable 
phosphor sheet, 

iv) receiving the emitted light with the line sensor, 
the received light being subjected to photoelectric 
conversion performed by the line sensor, 

v) moving the stimulable phosphor sheet with 
respect to the line light source and the line sensor 
and in a direction different from the length direction 
of the linear area of the stimulable phosphor sheet 
and 

vi) successively reading outputs of the line sensor 
in accordance with the movement, is 
wherein at least part of an optical path of the stimu- 
lating rays from the line light source to the stimula- 
te phosphor sheet and at least part of an optical 
path of the emitted light from the stimulable phos- 
phor sheet to the line sensor overlap each other. 20 

[0045] The term "overlapping of optical paths" as used 
herein means that the center point of the stimulating 
rays and the center point of the emitted light overlap 
each other. 25 
[0046] The overlapping of at least part of the optical 
path of the stimulating rays and at least part of the opti- 
cal path of the emitted light should preferably be 
achieved by utilizing at least part of optical elements, 
which constitute the stimulating ray guiding means, and qo 
at least part of optical elements, which constitute the 
emitted light guiding means, in common with each 
other. 

[0047] As the stimulating ray guiding means, the 
aforesaid cylindrical lens, the slit, the SELFOC tens (rod 35 
lens) array, the aforesaid fluorescent light guiding sheet, 
the optical fiber bundle, a hot mirror, a cold mirror, or the 
like, or a combination of two or more of the above-enu- 
merated elements may be employed. 
[0048] The hot mirror is a dichroic mirror having been 40 
set so as to reflect the stimulating rays and to transmit 
the light emitted by the stimulable phosphor sheet. The 
cold mirror is a dichroic minor having been set so as to 
transmit the stimulating rays and to reflect the light emit- 
ted by the stimulable phosphor sheet. 45 
[0049] As the emitted light guiding means, the distrib- 
uted index lens array, such as the SELFOC lens array or 
the rod lens array, constituted of an image forming sys- 
tem in which an object surface and an image surface 
correspond to each other in one-to-one relationship, the bo 
cylindrical lens, the slit, the optical fiber bundle, the hot 
mirror, the cold mirror, or the like, or a combination of 
two or more of the above-enumerated elements may be 
employed. 

[0050] The stimulating ray cut-off fitter (the sharp cut- ss 
Off fitter or the band-pass filter) for transmitting only the 
light emitted by the stimulable phosphor sheet and filter- 
ing out the stimulating rays should preferably be located 



in the optical path of the emitted light between the stim- 
ulable phosphor sheet and the line sensor and at a posi- 
tion that does not overlap the optical path of the 
stimulating rays. In this manner, the stimulating rays 
should preferably be prevented from impinging upon the 
line sensor. 

[0051 ] The size of a light receiving surface of each of 
the photoelectric conversion devices constituting the 
line sensor should preferably fall within the range of 
1 Oum to 4,000^m, and should more preferably fall within 
the range of 100nm to 500^m. The number of the pho- 
toelectric conversion devices arrayed along the length 
direction of the line sensor should preferably be at least 
1,000. The length of the line sensor should preferably 
be longer than or equal to the length of one side of the 
effective image storing region of the stimulable phos- 
phor sheet. The plurality of the photoelectric conversion 
devices may be arrayed in a straight line or in a zigzag 
pattern along the major axis direction. 
[0052] In the third radiation image read-out method in 
accordance with the present invention, the line light 
source and the line sensor are located on the same sur- 
face side of the stimulable phosphor sheet. 
[0053] The foregoing explanation of the third radiation 
image read-out method in accordance with the present 
invention also applies to a fourth radiation image read- 
out method in accordance with the present invention, 
which is described below. 

[0054] As in the first radiation image read-out method 
in accordance with the present invention, the fourth 
radiation image read-out method in accordance with the 
present invention is characterized by utilizing a line sen- 
sor, which comprises a plurality of photoelectric conver- 
sion devices arrayed along two-dimensional directions, 
in lieu of the line sensor employed in the third radiation 
image read-out method in accordance with the present 
invention, detecting light which is emitted from a linear 
area of a stimulable phosphor sheet, with the line cen- 
sor, performing operation processing, such as addition, 
on outputs of the photoelectric conversion devices, 
which outputs have been obtained at respective scan- 
ning positions and correspond to an identical site on the 
stimulable phosphor sheet, and thereby enhancing a 
light collecting efficiency. 

[0055] Specifically, in the fourth radiation image read- 
out method in accordance with the present invention, 
the first radiation image read-out method in accordance 
with the present invention is modified such that the tin- 
ear stimulating rays are guided with stimulating ray guid- 
ing means to the area of the stimulable phosphor sheet, 
the light, which is emitted from the linear area of the 
stimulable phosphor sheet is guided with emitted light 
guiding means to the line sensor, and at least part of an 
optical path of the stimulating rays from the tine light 
source to the stimulable phosphor sheet and at least 
part of an optical path of the emitted light from the stim- 
ulable phosphor sheet to the line sensor overlap each 
other. 
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[0066] The overlapping of at least part of the optical 
path of the stimulating rays and at least part of the opti- 
cal path of the emitted light should preferably be 
achieved by utilizing at least part of optical elements, 
which constitute the stimulating ray guiding means, and 
at least part of optical elements, which constitute the 
emitted light guiding means, in common with each 
other. 

[0057] Fifth and sixth radiation image read-out meth- 
ods in accordance with the present invention are char- 
actered by utilizing a stimuiable phosphor sheet 
haying tight emission region partitioned by a stimulating 
ray reflecting partition member into a plurality of fine 
cells. 

[0058] Specifically, the present invention still further 
provides a fifth radiation image read-out method, com- 
prising the steps of: 

0 linearly irradiating stimulating rays, which have 
been produced by a line light source, onto an area 
of a front surface of a stimuiable phosphor sheet, on 
which a radiation image has been stored, the stim- 
ulating rays causing the stimuiable phosphor sheet 
to emit light in proportion to an amount of energy 
stored thereon during its exposure to radiation, 

ii) receiving light which is emitted from the linear 
area of the front surface of the stimuiable phosphor 
sheet exposed to the linear stimulating rays or from 
a linear area of a back surface of the stimuiable 
phosphor sheet corresponding to the linear area of 
the front surface of the stimuiable phosphor sheet 
with a line sensor comprising a plurality of photoe- 
lectric conversion devices arrayed along a length 
direction of the linear area of the stimuiable phos- 
phor sheet the received tight being subjected to 
photoelectric conversion performed by the line sen- 
sor, 

iii) moving the stimuiable phosphor sheet with 
respect to the line light source and the line sensor 
and in a direction different from the length direction 
of the linear area of the stimuiable phosphor sheet, 
and 

iv) successively reading outputs of the line sensor 
in accordance with the movement, 

wherein a light emission region of the stimuiable 
phosphor sheet is partitioned by a stimulating ray 
reflecting partition member, which extends in a 
thickness direction of the stimuiable phosphor 
sheet, into a plurality of fine cells. 

[0059] In the fifth radiation image read-out method in 
accordance with the present invention, the size of the 
light receiving surface of each of the photoelectric con- 
version devices constituting the line sensor should pref- 
erably fall within the range of I0um to 4,000um, and 
should more preferably fall within the range of tOOum to 
SOOfim. The number of the photoelectric conversion 
devices arrayed along the length direction of the line 
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sensor should preferably be at least 1.000. The length 
of the line sensor should preferably be longer than or 
equal to the length of one side of the effective image 
storing region of the stimuiable phosphor sheet The 
plurality of the photoelectric conversion devices may be 
arrayed in a straight line or in a zigzag pattern along the 
major axis direction. 

[0060] The stimuiable phosphor sheet employed in the 
fifth radiation image read-out method in accordance 
with the present invention comprises a substrate and a 
stimuiable phosphor layer overlaid on the substrate. As 
will be described later with reference to Figure 17A, the 
stimuiable phosphor layer comprises a stimuiable phos- 
phor material, which emits light upon stimulation 
thereof, and the stimulating ray reflecting partition mem- 
ber, which partitions the stimuiable phosphor material 
into a plurality of fine cells and suppresses scattering of 
the stimulating rays. As will be described later with ref- 
erence to Figure 17B, the stimuiable phosphor material 
other than its front surface is surrounded by the stimu- 
lating ray reflecting partition member and the substrate. 
Alternatively, as will be described later with reference to 
Figure 1 7C, the stimuiable phosphor material other than 
its front surface is surrounded by only the stimulating 
ray reflecting partition member. The stimuiable phos- 
phor sheet may be produced by filling the stimuiable 
phosphor material in the fine cells, which have been 
defined by only the stimulating ray reflecting partition 
member or by the stimulating ray reflecting partition, 
member and tine substrate. 

[0061] Each of the stimuiable phosphor material and 
the stimulating ray reflecting partition member should 
preferably be formed from a binder and a stimuiable 
phosphor dispersed in the binder. The reflectivity of the 
stimulating ray reflecting partition member with respect 
to the stimulating rays should be higher than the reflec- 
tivity of the stimuiable phosphor material with respect to 
the stimulating rays. Fa such purposes, by way of 
example, the binder-to-phosphor ratio (i-e., the B/P 
ratio) in' the stimuiable phosphor material may be set to 
be higher than the B/P ratio in the stimulating ray reflect- 
ing partition member. Alternatively, the particle size of 
the stimuiable phosphor in the stimuiable phosphor 
material may be set to be larger than the particle size of 
the stimuiable phosphor in the stimulating ray reflecting 
partition member. 

[0062] A coloring agent, such as an ultramarine, may 
be added to the stimulating ray reflecting partition mem- 
ber. Alternatively, as the stimuiable phosphor contained 
in the stimulating ray reflecting partition member, a stim- 
uiable phosphor of a kind different from the stimuiable 
phosphor contained in the stimuiable phosphor material 
may be employed. For example, the stimuiable phos- 
phor contained in the stimulating ray reflecting partition 
member may be an ultraviolet light (UV light) emitting 
phosphor, which emits UV tight capable of effecting pri- 
mary stimulation of the stimuiable phosphor. In cases 
where the stimulating ray reflecting partition member 
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contains the coloring agent, the term "reflectivity of a 
stimulating ray reflecting partition member with respect 
to stimulating rays" as used herein means the reflectiv- 
ity of the stimulating ray reflecting partition member 
from which the coloring agent has been removed. 
[0063] The size of each of the fine cells along the 
beam width direction should preferably be at most 
1 .OOQum. The size of the each partition wall, which is 
formed by the stimulating ray reflecting partition mem- 
ber, along the beam width direction should preferably be 
at most lOOfim. The thickness of the stimulate phos- 
phor layer should preferably be at least tOQfim. 
[0064] Examples of such stimulable phosphor sheets 
include those described in Japanese Unexamined Pat- 
ent Publication Nos. 59(1 9S4)-202 100, 62(1987)- 
36599, and2(1990)-129600, 
[0065] The term "tight emission region of a stimulate 
phosphor sheer as used herein means the region, 
which is filled with the stimulable phosphor material, in 
the aforesaid stimulable phosphor layer. 
[0066] In the fifth radiation image read-out method in 
accordance with the present invention, the line light 
source and the tine sensor may be located on the same 
surface side of the stimulable phosphor sheet or on 
opposite surface sides of the stimulable phosphor 
sheet In cases where the line light source and the line 
sensor are located on opposite surface sides of the 
stimulable phosphor sheet, it is necessary to employ a 
stimulable phosphor sheet wherein the stimulable 
phosphor material is surrounded by the stimulating ray 
reflecting partition member and a substrate formed from 
a material permeable to the emitted light such that the 
emitted tight may permeate to the surface side of the 
stimulable phosphor sheet opposite to the surface on 
the stimulating ray incidence side. 
[0067] The foregoing explanation of the fifth radiation 
image read-out method in accordance with the present 
invention also applies to a sixth radiation image read- 
out method in accordance with the present invention, 
which is described below. 

[0060] As in the first radiation image read-out method 
in accordance with the present invention, the sixth radi- 
ation image read-out method in accordance with the 
present invention is characterized by utilizing a line sen- 
sor, which comprises a plurality of photoelectric conver- 
sion devices arrayed along two-dimensional directions, 
in lieu of the line sensor employed in the fifth radiation 
image read-out method in accordance with the present 
invention, detecting light, which is emitted from a linear 
area of a stimulable phosphor sheet with the line sen- 
sor, performing operation processing, such as addition, 
on outputs of the photoelectric conversion devices, 
which outputs have been obtained at respective scan- 
ning positions and correspond to an identical site on the 
stimulable phosphor sheet, and thereby enhancing a 
light collecting efficiency. 

[0069] Specifically, in the sixth radiation image read- 
out method in accordance with the present invention, 



the first radiation image read-out method in accordance 
with the present invention is modified such that a light 
emission region of the stimulable phosphor sheet is par- 
titioned by a stimulating ray reflecting partition member, 

5 which extends in a thickness direction of the stimulable 
phosphor sheet, into a plurality of fine cells. 
[0070] In the sixth radiation image read-out method in 
accordance with the present invention, as in the first 
radiation image read-out method in accordance with the 

to present invention, toe line sensor comprises the plural- 
ity of the photoelectric conversion devices arrayed along 
each of the major axis direction and the minor axis 
direction normal to the major axis direction, and the 
operatipn processing, such as addition, is performed on 

is the outputs of the photoelectric conversion devices, 
which outputs have been obtained at respective posi- 
tions of movement and correspond to an identical site 
on the stimulable phosphor sheet. Therefore, in cases 
where the line width of the linear stimulating rays is 

20 larger than the width of each fine cell, the light simulta- 
neously emitted from fine cells, which are adjacent to 
one another along the line width direction, is capable of 
being collected by corresponding rows of photoelectric 
conversion devices, and the light collecting efficiency 

25 can thereby be enhanced. Also, in cases where the 
width of each photoelectric conversion device is smaller 
than the width of each fine- ceil, the emitted light scatter- 
ing to the line width direction in a single fine cell is capa- 
ble of being collected by several corresponding rows of 

30 photoelectric conversion devices. As a result the reso- 
lution and the light collecting efficiency can be 
enhanced. 

[0071] Seventh, eighth, and ninth radiation image 
read-out methods in accordance with the present inven- 

35 tion are characterized by utilizing a line light source and 
a line sensor, detecting image signals, which represent 
a radiation image having been stored on a stimulable 
phosphor sheet, from opposite surfaces of the stimula- 
te phosphor sheet, and performing operation process- 

*o ing on the image signals. 

[0072] Specifically, the present invention also provides 
a seventh radiation image read-out method, comprising 
the steps of: 

45 i) linearly irradiating stimulating rays, which have 
been produced by a line tight source, onto an area 
of a stimulable phosphor sheet, on which a radia- 
tion image has been stored, the stimulating rays 
causing the stimulable phosphor sheet to emit light 

so in proportion to an amount of energy stored thereon 
during its exposure to radiation, 
ii) receiving light, which is emitted from the linear 
area of the stimulable phosphor sheet exposed to 
the linear stimulating rays, with a line sensor com- 

55 prising a plurality of photoelectric conversion 
devices arrayed linearly, the received light being 
subjected to photoelectric conversion performed by 
the tine sensor, 
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iii) moving the stimulabie phosphor sheet with 
respect to the line light source and the line sensor, 
and 

iv) reading outputs of the photoelectric conversion 
devices constituting the line sensor, which outputs 
are obtained at respective positions of movement, 
wherein the stimulabie phosphor sheet is capable 
of emitting light from front and back surfaces, 

two line sensors are utilized, each of which is 
located on one of the front and back surface 
sides of the stimulate phosphor 6heet. the two 
line sensors detecting two image signals, each 
of which is made up of a series of image signal 
components representing pixels in the radia- 
tion image, from the front and back surfaces of 
the stimulabie phosphor sheet, and 
operation processing is performed on image 
signal components of the two image signals, 
which image signal components represent cor- 
responding pixels on the front and back sur- 
faces of the stimulabie phosphor sheet. 

[0073] In the seventh radiation image read-out method 
in accordance with the present invention, the LED array 
or the broad area laser should preferably be employed 
as the line tight source. Also, the aforesaid stimulating 
ray guiding means should preferably be employed for 
suppressing spread of the stimulating rays to the direc- 
tion (i.e. , the minor axis direction) , which is normal to the 
length direction (i.e.. the major axis direction) of the line 
of the stimulating rays, such that the stimulating rays 
having been radiated out of the light source may take on 
the form of the linear stimulating rays on the surface of 
the stimulabie phosphor sheet 
[0074] The stimulabie phosphor sheet capable of 
emitting light from front and back surfaces, which is 
employed in the seventh radiation image read-out 
method in accordance with the present invention, is a 
stimulabie phosphor sheet in which the substrate, or the 
like, is permeable to the emitted light, such that the 
emitted Hght caused to occur by the stimulating rays 
Irradiated from at least one surface side of the stimula- 
bie phosphor sheet may emanate from the front and 
back surfaces of the stimulabie phosphor sheet. In 
cases where two line light sources are located respec- 
tively on the front and back surface sides of the stimula- 
bie phosphor sheet or in cases where the front and 
back surfaces of the stimulabie phosphor sheet are 
stimulated one after another as in the eighth and ninth 
radiation image read-out methods in accordance with 
the present invention, which will be described later, it is 
necessary tor the substrate of the stimulabie phosphor 
sheet to be permeable to both the emitted tight and the 
stimulating rays. Also, in cases where the front and back 
surfaces of the stimulabie phosphor sheet are stimu- 
lated one after another, the stimulabie phosphor sheet 
may be provided with a stimulating ray blocking layer as 



an intermediate layer. 

B>075] Regardless of whether the stimulabie phosphor 
sheet is stimulated from one surface side or is stimu- 
lated simultaneously or successively from the front and 

5 back surface sides, it is possible to employ a stimulabie 
phosphor sheet, wherein the light emission region of the 
stimulabie phosphor sheet is partitioned by a stimulat- 
ing ray reflecting partition member, which extends in the 
thickness direction of the stimulabie phosphor sheet, 

to into a plurality of fine cells. Such a stimulabie phosphor 
sheet is referred to as the anisotropic stimulabie phos- 
phor sheet With the anisotropic stimulabie phosphor 
sheet the sharpness of an image reproduced from the 
image signal obtained from the photoelectric conversion 

1$ can be enhanced. 

[0076] In the seventh radiation image read-out method 
in accordance with the present invention, the plurality of 
the photoelectric conversion devices may be arrayed 
linearly in a straight line or in a zigzag pattern along the 

20 major axis direction. The size of a light receiving surface 
of each of the photoelectric conversion devices consti- 
tuting the line sensor should preferably fall within the 
range of 10um to 4,000jim, and should more preferably 
fell within the range of 100um to 500um. The number of 

25 the photoelectric conversion devices arrayed along the 
length direction of th&Iine sensor should preferably be 
at least 1,000. 

[0077] Also, the aforesaid emitted light guiding means 
may be located between the stimulabie phosphor sheet 

30 and the line sensor. 

[0078] The line sensor employed in the seventh radia- 
tion image read-out method in accordance with the 
present invention may comprise the plurality of the pho- 
toelectric conversion devices arrayed along only the 

35 length direction (i.e., the major axis direction). Alterna- 
tively, as in the first radiation image read-out method in 
accordance with the present invention, the line sensor 
may comprise the plurality of the photoelectric conver- 
sion devices arrayed along each of the major axis direc- 

40 tion and the minor axis direction, which is normal to the 
major axis direction. 

[0079] In the seventh radiation image read-out method 
in accordance with the present invention, simple addi- 
tion, weighted addition, or one of other kinds of opera- 

45 tion processing is performed on the image signal 
components of the two image signals, which image sig- 
nal components represent corresponding pixels on the 
front and back surfaces of the stimulabie phosphor 
sheet Such processing is referred to as the superposi- 

so tion processing. The superposition processing is 
described in, for example, U.S. Patent No. 4.356,398. 
With the superposition processing, noise occurring at 
random in the effective image storing region of the stim- 
ulabie phosphor sheet can be reduced markedly, and 

ss slight differences in radiation absorptivity of an object 
can be illustrated clearly in an uhimately reproduced 
image, i.e., the detection capability can be enhanced 
markedly. 
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[0060] Unless otherwise specified, the foregoing 
explanation of the seventh radiation image read-out 
method in accordance with the present invention also 
applies to the eighth and ninth radiation image read-out 
methods in accordance with toe present invention, 5 
which are described below. 

[0081] As described above, in the seventh radiation 
image read-out method in accordance with the present 
invention, the two line sensors are located respectively 
on the opposite surface sides of the stimulabte phos- to 
phor sheet. The eighth radiation image read-out method 
in accordance with the present invention is character- 
ized by locating the line sensor on only one surface side 
of a stimuiable phosphor sheet, shifting the line sensor 
to the opposite surface side of the stimuiable phosphor 15 
sheet after an image signal has been detected from the 
one surface of the stimuiable phosphor sheet, and 
thereby detecting an image signal from the opposite 
surface of the stimuiable phosphor sheet. 
[0082J Specifically, the present invention further pro- 20 
vides an eighth radiation image read-out method, com- 
prising tie steps of: 

i) linearly irradiating stimulating rays, which have 
been produced by a line light source, onto an area 2s 
of a stimuiable phosphor sheet, on which a radia- 
tion image has been stored, the stimulating rays 
causing the stimuiable phosphor sheet to emit light 
in proportion to an amount of energy stored thereon 
during its exposure to radiation, 30 

ii) receiving light which is emitted from the linear 
area of the stimuiable phosphor sheet exposed to 
the linear stimulating rays, with a line sensor com- 
prising a plurality of photoelectric conversion 
devices arrayed linearly, the received light being 35 
subjected to photoelectric conversion performed by 
the tine sensor, 

iii) moving the stimuiable phosphor sheet with 
respect to the line light source and the line sensor, 
and 40 
rv) reading outputs of the photoelectric conversion 
devices constituting the line sensor, which outputs 
are obtained at respective positions of movement, 
wherein the stimuiable phosphor sheet is capable 
of emitting light from front and back surfaces, 45 

after detection of the emitted light from one of 
the front and back surfaces of the stimuiable 
phosphor sheet has been finished, the line sen- 
sor is shifted by sensor shifting means to the so 
opposite surface side of the stimuiable phos- 
phor sheet the line sensor thereby detecting 
two image signals, each of which is made up of 
a series of image signal components repre- 
senting pixels in the radiation image, from the ss 
front and back surfaces of the stimuiable phos- 
phor sheet, and 

operation processing is performed on image 
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signal components of the two image signals, 
which image signal components represent cor- 
responding pixels on the front and back sur- 
faces of the stimulabte phosphor sheet 

{0083] In the eighth radiation image read-out method 
in accordance with the present invention, the sensor 
shifting means may shift both the line sensor and the 
line light source to the opposite surface side of the stim- 
ulate phosphor sheet 

[0084] As described above, in the eighth radiation 
image read-out method in accordance with the present 
invention, the line sensor is shifted from one surface 
side to the opposite surface side of the stimuiable phos- 
phor sheet, and the image signal is thereby detected 
from the opposite surface side of the stimuiable phos- 
phor sheet. The ninth radiation image read-out method 
in accordance with the present invention is character- 
ized by, instead of a line sensor being shifted, reversing 
front and back surfaces of a stimuiable phosphor sheet, 
and thereby detecting an image signal from the oppo- 
site surface side of the stimuiable phosphor sheet. 
[0085] Specifically, the present invention still further 
provides a ninth radiation image read-put method, com- 
prising the steps of : 

i) linearly irradiating stimulating rays, which have 
been produced by a line light source, onto an area 
of a stimuiable phosphor sheet, on which a radia- 
tion image has been stored, the stimulating rays 
causing the stimuiable phosphor sheet to emit light 
in proportion to an amount of energy stored thereon 
during its exposure to radiation, 

ii) receiving light, which is emitted from the linear 
area of the stimuiable phosphor sheet exposed to 
the linear stimulating rays, with a line sensor com- 
prising a plurality of photoelectric conversion 
devices arrayed linearly, the received light being 
subjected to photoelectric conversion performed by 
the line sensor, 

iii) moving the stimuiable phosphor sheet with 
respect to the line light source and the line sensor, 
and 

iv) reading outputs of the photoelectric conversion 
devices constituting the line sensor, which outputs 
are obtained at respective positions of movement, 
wherein the stimuiable phosphor sheet is capable 
of emitting light from front and back surfaces, 

after detection of the emitted light from one of 
the front and back surfaces of the stimuiable 
phosphor sheet has been finished, the front 
and back surfaces of the stimuiable phosphor 
sheet are reversed by sheet reversing means, 
the line sensor thereby detecting two image 
signals, each of which is made up of a series of 
image signal components representing pixels 
in the radiation image, from the front and back 
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surfaces of the stimulabie phosphor sheet, and 
operation processing is performed on image 
signal components of the two image signals, 
which image signal components represent cor- 
responding pixels on the front and back sur- s 
faces of the stimulabie phosphor sheet. 

[0066] In the seventh, eighth, and ninth radiation 
image read-out methods in accordance with the present 
invention, in cases where the line light source and the to 
line sensor are located on the same surface side of the 
stimulabie phosphor sheet from the point of view of 
keeping the size of the radiation image read-out appara- 
tus small, at least part of the optical path of the stimulat- 
ing rays from the line light source to the stimulabie is 
phosphor sheet and at least part of the optical path of 
the emitted light from the stimulabie phosphor sheet to 
the line sensor should preferably overlap each other. 
Such a constitution is advantageous particularly in 
cases where two line sensors are located respectively so 
on the opposite surface sides of the stimulabie phos- 
phor sheet (as in the seventh radiation image read-out 
method in accordance with the present invention). In 
cases where, besides the two line sensors, two line light 
sources are also located respectively on the opposite 26 
surface sides of the stimulabie phosphor sheet, the 
effects of reducing the size of the radiation image read- 
out apparatus can be obtained by overlapping at least 
part of the optical path of the stimulating rays and at 
least part of the optical path of the emitted light at least so 
on one surface side of the stimulabie phosphor sheet 
However, larger effects of reducing the size of the radia- 
tion image readout apparatus can be obtained by par- 
tially overlapping the optical paths on the two surface 
sides of the stimulabie phosphor sheet 35 
[0067] In cases where a single line sensor is utilized 
for detecting the images signals from the opposite sur- 
faces of the stimulabie phosphor sheet (as in the eighth 
and ninth radiation image read-out methods in accord- 
ance with the present invention), in the state in which *o 
the fine sensor and the line light source are located on 
the same surface side of the stimulabie phosphor sheet, 
the optical paths described above should preferably 
partially overlap each other. In this manner, the size of 
the radiation image read-out apparatus can be kept 45 
small. 

[0068] Tenth, eleventh, and twelfth radiation image 
read-out methods in accordance with the present inven- 
tion are characterized by utilizing a line light source and 
a tine sensor, utilizing a stimulabie phosphor sheet for so 
energy subtraction processing, detecting image signals, 
which represent radiation images of a single object hav- 
ing been stored on the stimulabie phosphor sheet, from 
opposite surfaces of the stimulabie phosphor sheet, and 
performing a subtraction process on the image signals, ss 
[0089] Specifically, the present invention also provides 
a tenth raolation image read-out method, comprising 
the steps of: 



i) linearly irradiating stimulating rays, which have 
been produced by a line light source, onto an area 
of a stimulabie phosphor sheet, on which a radia- 
tion image has been stored, the stimulating rays 
causing the stimulabie phosphor sheet to emit light 
in proportion to an amount of energy stored thereon 
during its exposure to radiation, 

ii) receiving light, which is emitted from the linear 
area of the stimulabie phosphor sheet exposed to 
the linear stimulating rays, with a line 6ensor com- 
prising a plurality of photoelectric conversion 
devices arrayed linearly, the received light being 
subjected to photoelectric conversion performed by 
the line sensor, 

Hi) moving the stimulabie phosphor sheet with 
respect to the line light source and the line sensor, 
and 

tv) reading outputs of the photoelectric conversion 
devices constituting the line sensor, which outputs 
are obtained at respective positions of movement, 
wherein the stimulabie phosphor sheet is a stimula- 
bie phosphor sheet for energy subtraction process- 
ing, which stores two radiation images of a single 
object formed with radiation having different energy 
distributions, the stimulabie phosphor sheet being 
capable of emitting light which carries information 
of one of the two radiation images, from a front sur- 
face, and emitting light which carries information of 
the other radiation image, from a back surface, 

two line sensors are utilized, each of which is 
located on one of the front and back surface 
sides of the stimulabie phosphor sheet, the two 
line sensors detecting two image signals, each 
of which is made up of a series of image signal 
components representing pixels in the radia- 
tion image, from the front and back surfaces of 
the stimulabie phosphor sheet, and 
a subtraction process is performed on image 
signal components of the two image signals, 
which image signal components represent cor- 
responding pixels on the front and back sur- 
faces of the stimulabie phosphor sheet. 

[0090] In the tenth radiation image read-out method in 
accordance with the present invention, the LED array or 
the broad area laser should preferably be employed as 
the line tight source. Also, the aforesaid stimulating ray 
guiding means should preferably be employed for sup- 
pressing spread of the stimulating rays to the direction 
(i.e., the minor axis direction), which is normal to the 
length direction (i.e.. the major axis direction) of the line 
of the stimulating rays, such that the stimulating rays 
having been radiated out of the light source may take on 
the form of the linear stimulating rays on the surface of 
the stimulabie phosphor sheet. Further, two line light 
sources may be located on opposite surface sides of the 
stimulabie phosphor sheet. 
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[0091] As the stimulate phosphor sheet for energy 
subtraction processing, a stimulable phosphor sheet 
having two stimulable phosphor layers formed at the 
front and back surfaces with a filter layer of a low radia- 
tion energy absorbing substance intervening therebe- 
tween may be employed. Alternatively, a stimulable 
phosphor sheet having two stimulable phosphor layers 
with different radiation energy absorption characteris- 
tics formed at the front and back surfaces may be 
employed, in cases where the front and back surfaces 
of the stimulable phosphor sheet are respectively stimu- 
lated On cases where two line fight sources are located 
respectively on the front and back surfaces of the stim- 
ulate phosphor sheet, or in cases where the front and 
back surfaces of the stimulable phosphor sheet are 
stimulated one after another, the stimulable phosphor 
sheet may be provided with a stimulating ray blocking 
layer as an intermediate layer. 
[0092] Regardless of whether the stimulable phosphor 
sheet is stimulated from one surface side or is stimu- 
lated simultaneously from the front and back surface 
sides, it Is possible to employ the anisotropic stimulable 
phosphor sheet described above. With the anisotropic 
stimulable phosphor sheet, the sharpness of an image 
reproduced from the image signal obtained from the 
photoelectric conversion can be enhanced. 
[0093] In the tenth radiation image read-out method in 
accordance with the present invention, the plurality of 
the photoelectric conversion devices may be arrayed 
linearly in a straight line or in a zigzag pattern along the 
major axis direction. The size of a light receiving surface 
of each of the photoelectric conversion devices consti- 
tuting the line sensor should preferably fail within the 
range of 10>m to 4,000^m, and should more preferably 
fall within the range of 100um to 500 um. The number of 
the photoelectric conversion devices arrayed along the 
length direction of the tine sensor should preferably be 
at least 1,000. 

[0094] Also, the aforesaid emitted light guiding means 
may be located between the stimulable phosphor sheet 
and the line sensor. 

[0095] The tine sensor employed in the tenth radiation 
image read-out method in accordance with the present 
invention may comprise the plurality of the photoelectric 
conversion devices arrayed along only the length direc- 
tion (i.e., the major axis direction). Alternatively, as in 
the first radiation image read-out method in accordance 
with the present invention, the line sensor may comprise 
the plurality of the photoelectric conversion devices 
arrayed along each of the major axis direction and the 
minor axis direction, which is normal to the major axis 
direction. 

[0096] In the tenth radiation image read-out method in 
accordance with the present invention, the subtraction 
process is performed on the image signal components 
of the two image signals, which Image signal compo- 
nents represent corresponding pixels on the front and 
back surfaces of the stimulable phosphor sheet. Specif- 



ically, the image signal components of the two image 
signals, which image signal components represent cor- 
responding pixels on the front and back surfaces of the 
stimulable phosphor sheet may be subtracted from 
each other with Formula (1) shown below. For such pur- 
poses, e combination of a flame memory and a sub- 
tracter, or the tike, may be employed. 



Sproc=Ka • SH-Kb • SL+Kc 



(D 



in which Sproc represents the subtraction image signal 
obtained from the subtraction process, each of Ka and 
Kb represents the weight factor, and Kc represents the 
bias component (Ka, Kb, and Kc will hereinbelow be 

is referred to as the parameters for the subtraction proc- 
ess), SH represents the high energy image signal repre- 
senting the radiation image formed with radiation having 
a high energy level, and SL represents the low energy 
image signal representing the radiation image formed 

20 with radiation having a low energy level. 

[0097] Unless otherwise specified, the foregoing 
explanation of the tenth radiation image read-out 
method in accordance with the present invention also 
applies to the eleventh and twelfth radiation image read- 

25 out methods in accordance with the present invention, 
which are described below. 

[0098] As described above, in the tenth radiation 
image read-out method in accordance with the present 
invention, the two line sensors are located respectively 

30 on the opposite surface sides of the stimulable phos- 
phor sheet The eleventh radiation image read-out 
method in accordance with the present invention is 
characterized by locating the line sensor on only one 
surface side of a stimulable phosphor sheet, shifting the 

35 line sensor to the opposite surface side of the stimulable 
phosphor sheet after an image signal has been 
detected from the one surface of the stimulable phos- 
phor sheet, and thereby detecting an image signal from 
the opposite surface of the stimulable phosphor sheet. 

40 [0099] Specifically, the present invention further pro- 
vides an eleventh radiation image read-out method, 
comprising the steps of: 

i) linearly irradiating stimulating rays, which have 
45 been produced by a line light source, onto an area 

of a stimulable phosphor sheet, on which a radia- 
tion image has been stored, the stimulating rays 
causing the stimulable phosphor sheet to emit light 
in proportion to an amount of energy stored thereon 
so during its exposure to radiation. 

ii) receiving light, which is emitted from the linear 
area of the stimulable phosphor sheet exposed to 
the linear stimulating rays, with a line sensor com- 
prising a plurality of photoelectric conversion 

55 devices arrayed linearly, the received light being 
subjected to photoelectric conversion performed by 
the line sensor, 

iii) moving the stimulable phosphor sheet with 
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respect to toe line light source and the line sensor, 
and 

iv> reading outputs of the photoelectric conversion 
devices constituting the line sensor, which outputs 
are obtained at respective positions of movement, 
wherein the stimulable phosphor sheet is a stimula- 
te phosphor sheet for energy subtraction process- 
ing, which stores two radiation images of a single 
object formed with radiation having different energy 
distributions, the stimulable phosphor 6heet being 
capable of emitting light which carries information 
of one of the two radiation images, from a front sur- 
face, and emitting light, which carries information of 
the other radiation image, from a back surface, 

after detection of the emitted light from one of 
the front and back surfaces of the stimulable 
phosphor sheet has been finished, the line sen- 
sor is shifted by sensor shifting means to the 
opposite surface side of the stimulable phos- 
phor sheet, the line sensor thereby detecting 
two image signals, each of which is made up of 
a series of image signal components repre- 
senting pixels in the radiation image, from the 
front and back surfaces of the stimulable phos- 
phor sheet and 

a subtraction process is performed on image 
signal components of the two image signals, 
which image signal components represent cor- 
responding pixels on the front and back sur- 
faces of the stimulable phosphor sheet. 

[0100] In the eleventh radiation image read-out 
method in accordance with the present invention, the 
sensor shifting means may shift both the line sensor 
and the line light source to the opposite surface side of 
the stimulable phosphor sheet 
[0101] As described above, in the eleventh radiation 
image read-out method in accordance with the present 
invention, the line sensor is shifted from one surface 
side to the opposite surface side of the stimulable phos- 
phor sheet, and the image signal is thereby detected 
from the opposite surface side of the stimulable phos- 
phor sheet. The twelfth radiation image read-out 
method in accordance with the present invention is 
characterized by, instead of a line sensor being shifted, 
reversing front and back surfaces of a stimulable phos- 
phor sheet, and thereby detecting an image signal from 
the opposite surface side of the stimulable phosphor 
sheet 

10102] Specifically, the present invention still further 
provides a twelfth radiation image read-out method, 
comprising the steps of: 

i) linearly irradiating stimulating rays, which have 
been produced by a line light source, onto an area 
of a stimulable phosphor sheet, on which a radia- 
tion image has been stored, the stimulating rays 



15 



20 



25 



30 



40 



45 



50 



55 



causing the stimulable phosphor sheet to emit light 
in proportion to an amount of energy stored thereon 
during its exposure to radiation, 
ii) receiving light, which is emitted from the linear 
area of the stimulable phosphor sheet exposed to 
the linear stimulating rays, with a line sensor com- 
prising a plurality of photoelectric conversion 
devices arrayed linearly, the received light being 
subjected to photoelectric conversion performed by 
the line sensor, 

Hi) moving the stimulable phosphor sheet with 
respect to the line light source and the line sensor, 
and 

iv) reading outputs of the photoelectric conversion 
devices constituting the line sensor, which outputs 
are obtained at respective positions of movement 
wherein the stimulable phosphor sheet is a stimula- 
ble phosphor sheet for energy subtraction process- 
ing, which stores two radiation images of a single 
object formed with radiation having different energy 
distributions, the stimulable phosphor sheet being 
capable of emitting light which carries information 
of one of the two radiation images, from a front sur- 
face, and emitting light, which carries information of 
the other radiation image, from a back surface, 

after detection of the emitted light from one of 
the front and back surfaces of the stimulable 
phosphor sheet has been finished, the front 
and back surfaces of the stimulable phosphor 
sheet are reversed by sheet reversing means, 
the line sensor thereby detecting two image 
signals, each of which is made up of a series of 
image signal components representing pixels 
in the radiation image, from the front and back 
.surfaces of the stimulable phosphor sheet, and 
•a subtraction process is performed on image 
signal components of the two image signals, 
which image signal components represent cor- 
responding pixels on the front and back sur- 
faces of the stimulable phosphor sheet. 

[0103] In the tenth, eleventh, and twelfth radiation 
image read-out methods in accordance with the present 
invention, in cases where the line light source and the 
line sensor are located on the same surface side of the 
stimulable phosphor sheet from the point of view of 
keeping the size of the radiation image read-out appara- 
tus small, at least part of the optical path of the stimulat- 
ing rays from the line light source to the stimulable 
phosphor sheet and at least part of the optical path of 
the emitted light from the stimulable phosphor sheet to 
the line sensor should preferably overlap each other. 
Such a constitution is advantageous particularly in 
cases where two line sensors are located respectively 
on the opposite surface sides of the stimulable phos- 
phor sheet (as In the tenth radiation image read-out 
method in accordance with the present invention). In 
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cases where, besides the two line sensors, two line light 
sources are also located respectively on the opposite 
surface sides of the stimuiable phosphor sheet, the 
effects of reducing the size of the radiation image read- 
out apparatus can be obtained by overlapping at least 5 
part of the optical path of the stimulating rays and at 
least part of the optical path of the emitted light at least 
on one surface side of the stimuiable phosphor sheet. 
However, larger effects of reducing the size of the radia- 
tion image read-out apparatus can be obtained by par- 10 
tally overlapping the optical paths on the two surface 
sides of the stimuiable phosphor sheet. 
[0104J In cases where a single line sensor is utilized 
for detecting the images signals from the opposite sur- 
faces of the stimuiable phosphor sheet (as in the elev- 15 
enth and twelfth radiation image read-out methods in 
accordance with the present invention), in the state in 
which the line sensor and the line light source are 
located on the same surface side of the stimuiable 
phosphor sheet, the optical paths described above so 
should preferably partially overlap each other. In this 
manner, the size of the radiation image read-out appa- 
ratus can be kept smalt. 

[0105] Thirteenth and fourteenth radiation image 
read-out methods in accordance with the present inven- 25 
tion are characterized by reading out a radiation image, 
which has been stored on a stimuiable phosphor sheet, 
by utilizing a back illuminated type of CCD image sen- 
sor. 

[01 06] Specifically, the present invention also provides 30 
a thirteenth radiation image read-out method, compris- 
ing the steps of: 

i) irradiating stimulating rays, which have been pro- 
duced by a surface light source, onto a front surface 35 
of a stimuiable phosphor sheet, on which a radia- 
tion image has been stored, the stimulating rays 
causing the stimuiable phosphor sheet to emit light 

in proportion to an amount of energy stored thereon 
during its exposure to radiation, 40 

ii) receiving light, which is emitted from the area of 
the front surface of the stimuiable phosphor sheet 
exposed to the stimulating rays or from an area of a 
back surface of the stimuiable phosphor sheet cor- 
responding to the area of the front surface of the as 
stimuiable phosphor sheet, with an area sensor 
comprising a plurality of arrayed photoelectric con- 
version devices, the received light being subjected 

to photoelectric conversion performed by the area 
sensor, and so 

iii) reading outputs of the photoelectric conversion 
devices constituting the area sensor, 

wherein the area sensor is a back illuminated type 
of CCD image sensor. 

65 

[0107] The present invention further provides a four- 
teenth radiation image read-out method, comprising the 
steps of : 



i) linearly irradiating stimulating rays, which have 
been produced by a line light source, onto an area 
of a front surface of a stimuiable phosphor sheet, on 
which a radiation image has been stored, the stim- 
ulating rays causing the stimuiable phosphor sheet 
to emit light in proportion to an amount of energy 
stored thereon during its exposure to radiation, 

ii) receiving light, which is emitted from the linear 
area of the front surface of the stimuiable phosphor 
sheet exposed to the linear stimulating rays or from 
a linear area of a back surface of the stimuiable 
phosphor sheet corresponding to the linear area of 
the front surface of the stimuiable phosphor sheet, 
with a line sensor comprising a plurality of arrayed 
photoelectric conversion devices, the received light 
being subjected to photoelectric conversion per- 
formed by the line sensor, 

iii) moving the stimuiable phosphor sheet with 
respect to the line light source and the line sensor 
and in a direction different from a length direction of 
the linear area of the stimuiable phosphor sheet, 
and 

iv) successively reading outputs of the photoelectric 
conversion devices of the line sensor in accordance 
with the movement, 

wherein the llrte sensor is a back illuminated type of 
CCD image sensor. 

[0108] In the fourteenth radiation image read-out 
method in accordance with the present invention, as in 
the first radiation image read-out method in accordance 
with the present invention, the back illuminated type of 
CCD image sensor may comprise the plurality of the 
photoelectric conversion devices arrayed along each of 
the length direction of the linear area of the stimuiable 
phosphor sheet and the direction, which is normal to the 
length direction. 

[01 09] In the thirteenth and fourteenth racfiation image 
read-out methods in accordance with the present inven- 
tion, the back illuminated type of CCD image sensor 
should preferably be cooled with cooling means. 
[0110] An ordinarily utilized front illuminated type of 
CCD image sensor detects light incident from the front 
surface. The back illuminated type of CCD image sen- 
sor detects light incident from the back surface. For 
such purposes, for example, the back surface of the 
back illuminated type of CCD image sensor is scraped. 
[01 1 1 ] The front illuminated type of CCD image sen- 
sor is provided with a protective layer constituted of Si, 
or the like, and therefore the sensitivity of the front illu- 
minated type of CCD image sensor with respect to light 
of a short wavelength region, such as blue light is mark- 
«fly low. The back illuminated type of CCD image sen- 
sor has markedly high sensitivity with respect to light 
falling within the range of an ultraviolet region to a blue 
light region. Also, the back illuminated type of CCD 
image sensor has a high quantum efficiency, and its 
sensitivity with respect to light falling within the range of 
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a visfole tight region to an infrared region is higher than 
that of the front illuminated type of CCD image sensor. 
[0112] As the cooling means for cooling the back illu- 
minated type of CCD image sensor, means utilizing a 
Pettier device, or the like, may be employed. 5 
[01 1 3] The back illuminated type of CCD image sen- 
sor should preferably be produced by arraying a plurality 
of back illuminated type of CCD image sensor chips. For 
example, in cases where the back illuminated type of 
CCD image sensor is employed as the line sensor, the 10 
back illuminated type of CCD image sensor may com- 
prise a plurality of back illuminated type of CCD image 
sensor chips arrayed in a straight line or in a zigzag pat- 
tern along the length direction of the linear area of the 
stimulabie phosphor sheet. Each of the back illuminated is 
type of CCD image sensor chips may comprise a plural- 
ity of photoelectric conversion devices arrayed in two- 
dimensional directions and in a matrix-like pattern or in 
a zigzag pattern. 

[0114] in the thirteenth and fourteenth radiation image to 
read-out methods in accordance with the present inven- 
tion, as the light source, an LED array, an organic EL 
device, a fluorescent tamp, a high-pressure sodium 
lamp, a cold cathode tube, or the like, may be employed. 
The light source is not limited to a tight source having a 25 
surface-like shape or a linear shape and may be one of 
various other light sources, which irradiate linear or sur- 
face-like (area-like) stimulating rays onto the surface of 
the stimulate phosphor sheet. Alternatively, the tight 
source may be provided with an expanding mechanism so 
for expanding the radiated stimulating rays such that lin- 
ear or surface-like stimulating rays may impinge upon 
the surface of the stimulate phosphor sheet In cases 
where the light source is the fine light source, the broad 
area laser, or the like, which radiates linear stimulating ss 
rays, may be employed as the light source. 
[0115] The stimulating rays may be radiated continu- 
ously out of the light source or may be pulsed stimulat- 
ing rays radiated intermittently out of the light source. 
From the point of view of reducing noise, the stimulating 40 
rays should preferably be pulsed stimulating rays having 
high intensity. Also, the stimulating rays should have 
wavelengths falling within the stimulation wavelength 
range for the stimulabie phosphor sheet. For example, 
in cases where the stimulabie phosphor sheet is capa- 4s 
bte of being stimulated by red stimulating rays, the stim- 
ulating rays should have wavelengths falling within the 
range of 600nm to 1,000mm, and should preferably 
have wavelengths falling within the range of 600nm to 
700nm. so 
[0116] The line sensor employed in the fourteenth 
radiation image read-out method in accordance with the 
present invention may comprise the plurality of the pho- 
toelectric conversion devices arrayed along only the 
length direction (i.e., the major axis direction). Aiterna- ss 
tively, as ih the first radiation image read-out method in 
accordance with the present invention, the line sensor 
may comprise the plurality of the photoelectric conver- 
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don devices arrayed along each of the major axis direc- 
tion and the minor axis direction, which is normal to the 
major axis direction. 

[0117] In the fourteenth radiation image read-out 
method in accordance with the present invention, as in 
the first radiation image read-out method in accordance 
with the present invention, the line 6ensor may comprise 
the plurality of the photoelectric conversion devices 
arrayed along each of the major axis direction of the lin- 
ear area of the stimulabie phosphor sheet and the minor 
axis direction normal to the major axis direction, and the 
operation processing may be performed on the outputs 
of the photoelectric conversion devices, which outputs 
have been obtained at respective positions of move- 
ment and correspond to an identical site on the stimula- 
bie phosphor sheet. 

[0118] In the thirteenth radiation image read-out 
method in accordance with the present invention, the 
tight source and the area sensor may be located on the 
same surface side of the stimulabie phosphor sheet or 
on opposite surface sides of the stimulabie phosphor 
sheet Also, in the fourteenth radiation image read-out 
method in accordance with the present invention, the 
line light source and the line sensor may be located on 
the same surface side of the stimulabie phosphor sheet 
or on opposite surface^sides of the stimulabie phosphor 
sheet 

[0119] In the thirteenth and fourteenth radiation image 
read-out methods in accordance with the present Inven- 
tion, the stimulating rays irradiated to the stimulabie 
phosphor sheet should preferably be set such that the 
power (corresponding to the irradiation intensity or the 
luminance) of the stimulating rays may not vary. In 
cases where variation in power of the stimulating rays 
occur, the intensity of the stimulating rays may be mon- 
itored with a monitoring means. When variation in 
power occurs, for example, the driving voltage for the 
light source (or the line light source), or the like, may be 
modulated with modulating means more quickly than 
the photoelectric conversion speed of the photoelectric 
conversion devices such that the emission power (the 
luminance) of the light source (or the line light 6ource) 
may become equal to a predetermined value. In this 
manner, adverse effects of power variation may be sup- 
pressed. 

[01 20] Fifteenth and sixteenth radiation image read- 
out methods in accordance with the present invention 
are characterized by reading out a radiation image, 
which has been stored on a stimulabie phosphor sheet, 
by utilizing a stimulating ray source constituted of an 
organic EL device. 

[0121] Specifically, the present invention still further 
provides a fifteenth radiation image read-out method, 
comprising the steps of: 

i) linearly irradiating stimulating rays, which have 
been produced by a line light source, onto an area 
of a front surface of a stimulabie phosphor sheet, on 
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which a radiation image has been stored, the stim- 
ulating rays causing the stimulable phosphor sheet 
to emit right in proportion to an amount of energy 
stored thereon during its exposure to radiation, 
fi) receiving light which is emitted from the linear 
area of the front surface of the stimulate phosphor 
sheet exposed to the linear stimulating rays or from 
a linear area of a back surface of the stimulabte 
phosphor sheet corresponding to the linear area of 
the front surface of the stimulable phosphor sheet, 
with a line sensor comprising a plurality of arrayed 
photoelectric conversion devices, the received light 
being subjected to photoelectric conversion per- 
formed by the line sensor, 
iii) moving the stimulable phosphor sheet with 
respect to the line light source and the line sensor 
end in a direction different from a length direction of 
the linear area of the stimulable phosphor sheet, 
and 

Iv) successively reading outputs of the photoelectric 
conversion devices of the line sensor in accordance 
with the movement, 

wherein the line light source is constituted of an 
organic EL device. 

[01 22] The present invention also provides a sixteenth 
radiation Image read-out method, comprising the steps 
of: 

i) irradiating stimulating rays, which have been pro- 
duced by a surface light source, onto a front surface 
of a stimulable phosphor sheet, on which a radia- 
tion image has been stored, the stimulating rays 
causing the stimulable phosphor sheet to emit light 
In proportion to an amount of energy stored thereon 
during its exposure to radiation, 

ii) receiving light, which is emitted from the area of 
the front surface of the stimulable phosphor sheet 
exposed to the stimulating rays or from an area of a 
back surface of the stimulable phosphor sheet cor- 
responding to the area of the front surface of the 
stimulable phosphor sheet, with an area sensor 
comprising a plurality of arrayed photoelectric con- 
version devices, the received fight being subjected 
to photoelectric conversion performed by the area 
sensor, and 

Hi) reading outputs of the photoelectric conversion 
devices constituting the area sensor, 
wherein the surface light source is constituted of an 
organic EL device. 

[0123] The organic EL device (also referred to as the 
organic LED) is an electric current injection type of lumi- 
nous device, in which the energy of recombination of 
positive holes and electrons Injected into an organic 
material is converted into optical energy and right emis- 
sion is thereby effected. The organic EL device is a self- 
luminous device capable of emanating strong light hav- 
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ing luminous intensity of several hundreds of thousands 
of candelas (i.e., capable of emitting light with high lumi- 
nance) (the luminance of an ordinary white fluorescent 
lamp is 1 ,000 to 5,000 candelas), and having an energy 
conversion efficiency of at least lOlrrvW (i.e., having a 
high luminous efficiency). The organic EL device has 
various characteristic properties such as that it can be 
driven with a low d.c. voltage of at most 10V, can 
respond quickty on the nS order, can emit light of vari- 
ous colors ranging from blue to red, does not have 
dependence upon field angle as in liquid crystal 
devices, and is very thin and light in weight By virtue of 
the characteristic properties, the organic EL device has 
recently attracted particular attention and has been 
used in practice. The organic EL device employed in the 
fifteenth and sixteenth radiation image read-out meth- 
ods in accordance with the present invention may be of 
one of various materials and one of various structures 
and may be produced by one of various production 
processes. 

[0124] In the fifteenth and sixteenth radiation image 
read-out methods in accordance with the present inven- 
tion, the light source constituted of the organic EL 
device is not limited to those which produce the surface- 
fike or line-like stimulating rays, and may be one of vari- 
ous other light sources, which irradiate linear or surface- 
like (area-like) stimulating rays onto the surface of the 
stimulable phosphor sheet Alternatively the light 
source may be provided with an expanding mechanism 
for expanding the radiated stimulating rays such that lin- 
ear or surface-like stimulating rays may impinge upon 
the surface of the stimulable phosphor sheet, 
pi 25] The stimulating rays may be radiated continu- 
ously out of the organic EL device or may be pulsed 
stimulating rays radiated Intermittently out of the organic 
EL device. From the point of view of reducing noise, the 
stimulating rays should preferably be pulsed stimulating 
rays haying high intensity. Also, the stimulating rays pro- 
duced by the organic EL device should have wave- 
lengths falling within the stimulation wavelength range 
for the stimulable phosphor sheet For example, in 
cases where the stimulable phosphor sheet is capable 
of being stimulated by red stimulating rays, the stimulat- 
ing rays should have wavelengths falling within the 
range of 600nm to 1 ,000nm, and should preferably have 
wavelengths failing within the range of 600nm to 
700nm. 

[01 26] The line sensor employed in the fifteenth radi- 
ation image read-out method in accordance with the 
present invention may comprise the plurality of the pho- 
toelectric conversion devices arrayed along only the 
length direction (he., the major axis direction). Alterna- 
tively, as in the first racfiation image read-out method in 
accordance with the present invention, the line sensor 
may comprise the plurality of the photoelectric conver- 
sion devices arrayed along each of the major axis direc- 
tion and the minor axis direction, which is normal to the 
major axis direction. 
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[0127] tn the fifteenth radiation image read-out 
method in accordance with the present invention, as in 
the first radiation image read-out method in accordance 
with the present invention, the line sensor may comprise 
the plurality of the photoelectric conversion devices 5 
arrayed along each of the major axis direction of the lin- 
ear area of the stimulabie phosphor sheet and the minor 
axis direction normal to the major axis direction, and the 
operation processing may be performed on the outputs 
of the photoelectric conversion devices, which outputs to 
have been obtained at respective positions of move- 
ment and correspond to an identical site on the stimula- 
te phosphor sheet 

[0128] In the fifteenth radiation image readout 
method in accordance with the present Invention, the is 
organic EL device and the line sensor may be located 
on the same surface side of the sti mutable phosphor 
sheet or on opposite surface sides of the stimutable 
phosphor sheet Also, In the sixteenth radiation image 
readout method in accordance with the present inven- 20 
tion, the organic EL device and the area sensor may be 
located on the same surface side of the stimulate 
phosphor sheet or on opposite surface sides of the stim- 
ulabie phosphor sheet 

[0129] In the f ifteenth and sixteenth radiation image 2s 
read-out methods in accordance with the present inven- 
tion, the stimulating rays hracfiated to the stimulate 
phosphor sheet should preferably be set such that the 
power (corresponding to the irradiation intensity or the 
luminance) of the stimulating rays may not vary. In so 
cases where variation in power of the stimulating rays 
occur, the intensity of the stimulating rays may be mon- 
itored with a monitoring means. When variation in 
power occurs, the driving voltage for the organic EL 
device may be modulated with modulating means more 35 
quickly than the photoelectric conversion speed of the 
photoelectric conversion devices such that the emission 
power (the luminance) of the organic EL device may 
become equal to a predetermined value. In this manner, 
adverse effects of power variation may be suppressed. 40 
[0130] The present invention further provides a seven- 
teenth radiation image read-out method, comprising the 
steps of: 

i) linearly irratfiating stimulating rays, which have 45 
been produced by a line light source, onto an area 
of a front surface of a stimulate phosphor sheet on 
which a radiation image has been stored, the stim- 
ulating rays causing the stimulabie phosphor sheet 
to emit light in proportion to an amount of energy so 
stored thereon during its exposure to racfiaton, 
H) guiding light, which is emitted from the linear area 
of the front surface of the stimulabie phosphor 
sheet exposed to the linear stimulating rays or from 
a linear area of a back surface of the stimulabie ss 
phosphor sheet corresponding to the linear area of 
the front surface of the stimulabie phosphor sheet 
with light guiding optical system to a line sensor 



comprising a plurality of arrayed photoelectric con- 
version devices, 

m) receiving the emitted light with the line sensor, 
the received Hght being subjected to photoelectric 
conversion performed by the fine sensor, and 
rv) moving the stimulabie phosphor sheet with 
respect to the line light source, the light guiding 
optical system, and me line sensor and in a direc- 
tion different from a length direction of the linear 
area of the stimufable phosphor sheet, 
wherein the light guiding optical system has been 
subjected to coloring for transmitting only the emit- 
ted fight and filtering out the stimulating rays. 

[01 31] The present invention also provides a first radi- 
ation image read-out apparatus for carrying out the first 
racfiation image read-out method in accordance with the 
present invention. Specifically, the present invention 
also provides a first radiation image read-out apparatus, 
comprising: 

i) a line light source for linearly irradiating stimulat- 
ing rays onto an area of a front surface of a stimula- 
bie phosphor sheet on which a radiation image has 
been stored, the stimulating rays causing the stimu- 
labie phosphor sheet to emit light in proportion to 
an amount of energy stored thereon during its 
exposure to radiation, 

ii) a line sensor for receiving light which is emitted 
from the linear area of the front surface of the stim- 
ulabie phosphor sheet exposed to the linear stimu- 
lating rays or from a linear area of a back surface of 
the stimufable phosphor sheet corresponding to the 
linear area of the front surface of the stimulabie 
phosphor sheet and performing photoelectric con- 
version of the received Hght, the tine sensor com- 
prising a plurality of photoelectric conversion 
devices arrayed along each of a length direction of 
the linear area of the stimulabie phosphor sheet 
and a direction normal to the length direction, 
fit) scanning means for moving the stimulabie phos- 
phor sheet with respect to the line light source and 
the tine sensor and in a direction different from the 
length direction of the linear area of the stimulabie 
phosphor sheet and 

iv) reading means for successively reading outputs 
of the line sensor in accordance with the move- 
ment, the reading means being provided with oper- 
ation means tor performing operation processing 
on the outputs of the photoelectric conversion 
devices, which outputs have been obtained at 
respective positions of movement performed by the 
scanning means and correspond to an identical site 
on the stimulabie phosphor sheet. 

[01 32] In the first radiation image readout apparatus 
in accordance with the present invention, as the line 
sensor, an amorphous siQcon sensor, a CCD image 
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sensor, a CCD image sensor with back illuminator, a 
MOS image sensor, or the fike, may be employed The 
line sensor may comprise a plurality of sensor chips 
(CCD image sensor chips, MOS image sensor chips, or 
the tike) arrayed in a straight tine or in a zigzag pattern 
along the length direction of the linear area of the stim- 
utable phosphor sheet Each of the sensor chips may 
comprise a plurality of photoelectric conversion devices 
arrayed in two-dimensional directions and in a matrix- 
like pattern or in a zigzag pattern. 
[0133] The present invention further provides a sec- 
ond radiation image read-out apparatus for carrying out 
the second radiation image readout method in accord- 
ance with the present invention. Specifically, the present 
invention further provides a second radiation image 
read-out apparatus, comprising: 

i) a line light source for linearly irradiating stimulat- 
ing rays onto an area of a front surface of a stimula- 
ble phosphor sheet, on which a radiation image has 
been stored, the stimulating rays causing the sti mu- 
table phosphor sheet to emit light in proportion to 
an amount of energy stored thereon during its 
exposure to radiation, 

ii) a line sensor for receiving light, which is emitted 
from the linear area of the front surface of the stirrv 
ulable phosphor sheet exposed to the linear stimu- 
lating rays or from a linear area of a back surface of 
the stimulable phosphor sheet corresponding to the 
linear area of the front surface of the stimulable 
phosphor sheet, and performing photoelectric con- 
version of the received light the line sensor com- 
prising a plurality of arrayed photoelectric 
conversion devices, 

Of) scanning means for moving the stimulable phos- 
phor sheet with respect to the line tigfrt source and 
the line sensor and in a direction different from a 
length direction of the linear area of the stimulable 
phosphor sheet, and 

Iv) reading means for successively reading outputs 
of the photoelectric conversion devices of the line 
sensor in accordance with the movement, 
wherein the line light source is a broad area laser, 
which linearly radiates out the stimulating rays. 

[01 34] The fine sensor employed in the second radia- 
tion image read-out apparatus in accordance with the 
present invention may comprise the plurality of the pho- 
toelectric conversion devices arrayed along only the 
length direction (i.e., the major axis direction). Alterna- 
tively, as in the first radiation image read-out apparatus 
in accordance with the present invention, the line sen- 
sor may comprise the plurality of the photoelectric con- 
version devices arrayed along each of the major axis 
direction and the minor axis direction, which is normal to 
the major axis direction. 

[0135] In the second radiation image read-out appara- 
tus in accordance with the present invention, as in the 



first radation image read-out apparatus in accordance 
with the present invention, the line sensor may comprise 
the plurality of the photoelectric conversion devices 
arrayed along each of the major axis direction of the lin- 

s ear area of the stimulable phosphor sheet and the minor 
axis direction normal to the major axis direction, and the 
reading means may be provided with the operation 
means for performing the operation processing on the 
outputs of the photoelectric conversion devices, which 

w outputs have been obtained at respective positions of 
movement performed by the scanning means and cor- 
respond to an identical site on the stimulable phosphor 
sheet In such cases, if the beam width of the light emit- 
ted by the stimulable phosphor sheet is larger than the 

is width of each photoelectric conversion device, the line 
sensor as a whole can receive the emitted light over 
approximately the entire beam width. The operation 
means provided in the reading means performs the 
Operation processing, such as addition processing, on 

20 the outputs of the photoelectric conversion devices, 
which outputs correspond to an identical site on the 
stimulable phosphor sheet In this manner, the light 
receiving efficiency can be enhanced. 
[0136] The present Invention still further provides a 

25 third radiation image read-out apparatus for carrying out 
the third radiation-image read-out method in accord- 
ance with the present invention. Specifically, the present 
invention still further provides a third radiation image 
read-out apparatus, comprising: 

30 

0 a line light source for linearly radiating stimulating 
rays, which have been produced by a line light 
source, 

S) stimulating ray guiding means for guiding the lin- 
95 ear stimulating rays to an area of a stimulable phos- 
phor sheet on which a radiation image has been 
stored, the stimulating rays causing the stimulable 
phosphor sheet to emit light in proportion to an 
amount of energy stored thereon during its expo- 
se sure to radation, 

to) a fine sensor tor receiving light which is emitted 
from the linear area of the stimulable phosphor 
sheet exposed to the linear stimulating rays, and 
performing photoelectric conversion of the received 
46 Bght the One sensor comprising a plurality of photo- 
electric conversion devices arrayed along a length 
ejection of the linear area of the stimulable phos- 
phor sheet, 

iv) emitted light guiding means for guiding the light, 
so which is emitted from the linear area of the stimula- 
ble phosphor sheet exposed to the linear stimulat- 
ing rays, to the line sensor, 

v) scanning means for moving the stimulable phos- 
phor sheet with respect to the line light source and 

55 the line sensor and in a direction different from the 
length direction of the Knear area of the stimulable 
phosphor sheet and 

vi) reacting means for successively reading outputs 
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of the fine sensor in accordance with the move- 
ment 

wherein at least part of an optical path of the stimu- 
lating rays from the One light source to the stimii ta- 
ble phosphor sheet and at least part of an optica) 5 
path of the emitted light from the stimulable phos- 
phor sheet to the line sensor overlap each other. 

[0137] In the third radiation image read-out apparatus 
in accordance with the present invention, the overlap- 10 
ping of at least part of the optical path of the stimulating 
rays and at least part of the optica) path of the emitted 
light should preferably be achieved by utilizing at least 
part of optical elements, which constitute the stimulating 
ray guiding means, and at least part of optical elements, 1$ 
which constitute the emitted light guiding means, in 
common with each other. 

[0138] The present invention also provides a fourth 
radiation image read-out apparatus for carrying out the 
fourth radiation image read-out method in accordance so 
with the present invention. In the fourth radiation image 
read-out apparatus in accordance with the present 
invention, the first radiation image read-out apparatus in 
accordance with the present invention is modified such 
that the apparatus further comprises stimulating ray ss 
guiding means for guiding the linear stimulating rays to 
the area of the stimuiabte phosphor sheet and emitted 
light guiding means for guiding the tight, which is emit- 
ted from the linear area of the stimulable phosphor 
sheet to the line sensor, and at least part of an optical 30 
path of the stimulating rays from the line tight source to 
the stimulable phosphor sheet and at least part of an 
optical path of the emitted light from the stimulable 
phosphor sheet to the Hne sensor overlap each other. 
[0139] In the fourth radiation image read-out appara- ss 
tus in accordance with the present invention, the over- 
lapping of at least part of the optical path of the 
stimulating rays and at least part of the optical path of 
the emitted tight should preferably be achieved by utiliz- 
ing at least part of optical elements, which constitute the 40 
stimulating ray guiding means, and at least part of opti- 
cal elements, which constitute the emitted light guiding 
means, in common with each other. 
(0140] The present invention further provides a fifth 
radiation image read-out apparatus for carrying out the as 
fifth radiation image read-out method in accordance 
with the present invention. Specifically, the present 
invention further provides a fifth radiation image read- 
out apparatus, comprising: 

so 

i) a line light source for linearly irradiating stimulat- 
ing rays onto an area of a front surface of a stimula- 
ble phosphor sheet, on which a radiation image has 
been stored, the stimulating rays causing the stimu- 
late phosphor sheet to emit light in proportion to ss 
an amount of energy stored thereon during its 
exposure to radiation, 

ii) a line sensor tor receiving light which is emitted 



from the linear area of the front surface of the stim- 
ulable phosphor sheet exposed to the linear stimu- 
lating rays or from a linear area of a back surface of 
the stimulable phosphor sheet corresponding to the 
tnear area of the front surface of the stimulable 
phosphor sheet and performing photoelectric con- 
version of the received light, the line sensor com- 
prising a plurality of photoelectric conversion 
devices arrayed along a length direction of the lin- 
ear area of the stimulable phosphor sheet 
Ot) scanning means for moving the stimulable phos- 
phor sheet with respect to the Gne light source and 
the line sensor and In a direction different from the 
length direction of the linear area of the stimulable 
phosphor sheet and 

rv) reading means for successively reading outputs 
of the line sensor in accordance with the move- 
ment, 

wherein a light emission region of the 6timulabie 
phosphor sheet is partitioned by a stimulating ray 
reflecting partition member, which extends in a 
thickness direction of the stimulable phosphor 
sheet into a plurality of fine cells. 

[0141] The present invention still further provides a 
sixth radiation image read-out apparatus for carrying 
out the six ratfation image read-out method in accord- 
ance with the present invention. In the sixth radiation 
image read-out apparatus in accordance with the 
present invention, the fret radiation image read-out 
apparatus in accordance with the present invention is 
modified such that a light emission region of the stimu- 
lable phosphor sheet is partitioned by a stimulating ray 
reflecting partition member, which extends in a thick- 
ness direction of the stimulable phosphor sheet into a 
plurality of fine cells. 

[0142] The present invention also provides a seventh 
radiation image read-out apparatus for carrying out the 
seventh radiation image read-out method in accordance 
with the present invention. Specifically, the present 
invention also provides a seventh radiation image read- 
out apparatus, comprising: 

I) a line light source tor linearly irradiating stimulat- 
ing rays onto an area of a stimulable phosphor 
sheet, on which a radiation image has been stored, 
the stimulating rays causing the stimulable phos- 
phor sheet to emit light in proportion to an amount 
of energy stored thereon during its exposure to 
radiation, 

R) a line sensor for receiving light which is emitted 
from the linear area of the stimulable phosphor 
sheet exposed to the linear stimulating rays, and 
performing photoelectric conversion of the received 
fight, the fine sensor comprising a plurality of photo- 
electric conversion devices arrayed linearly, 
Hi) scanning means for moving the stimulable phos- 
phor sheet with respect to the line light source and 
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the line sensor, and 

tv) reading means for reacfing outputs of the photo- 
electric conversion devices constituting the line 
sensor, which outputs are obtained at respective 
positions of movement performed by the scanning 6 
means, 

wherein the stimulable phosphor sheet is capable 
of emitting fight from front arid back surfaces, 

two line sensors are utilized, each of which is 10 
located on one of the front and back surface 
sides of the stimulable phosphor sheet, the two 
line sensors detecting two image signals, each 
of which is made up of a series of image signal 
components representing pixels in the radia- 15 
ton image, from the front and back surfaces of 
the stimulable phosphor sheet and 
the reading means performs operation 
processing on image signal components of the 
two image signals, which image signal compo- 20 
nertts represent corresponding pixels on the 
front and back surfaces of the stimulable phos- 
phor sheet 

[0143] In the seventh radiation image read-out appa- 25 
ratus in accordance with the present invention (and in 
eighth and ninth radiation image read-out apparatuses 
in accordance with the present invention, which wiH be 
described later), the line sensor may comprise the plu- 
rality of the photoelectric conversion devices arrayed so 
along only the length direction (i.e., the major axis direc- 
tion). Alternatively, as in the first radiation image read- 
out apparatus in accordance with the present invention, 
the line sensor may comprise the plurality of the photo- 
electric conversion devices arrayed along each of the ss 
major axis direction and the minor axis direction, which 
is normal to the major axis direction. 
[0144] The present invention further provides an 
eighth radiation image read-out apparatus for carrying 
out the eighth radiation image read-out method in 40 
accordance with the present invention. Specifically, the 
present invention further provides an eighth radiation 
image read-out apparatus, comprising: 

i) a tine tight source for linearly irradiating stimulat- 45 
ing rays onto an area of a stimulable phosphor 
sheet, on which a racfiation image has been stored, 
the stimulating rays causing the stimulable phos- 
phor sheet to emit light in proportion to an amount 

of energy stored thereon during its exposure to so 
radiation, 

ii) a line sensor for receiving light, which is emitted 
from the linear area of the stimulable phosphor 
6heet exposed to the linear stimulating rays, and 
performing photoelectric conversion of the received ss 
light, the tine sensor comprising a plurality of photo- 
electric conversion devices arrayed linearly, 

iii) scanning means for moving the stimulable phos- 



phor sheet with respect to the line light source and 
the tine sensor, and 

rv) reading means for reacfing outputs of the photo- 
electric conversion devices constituting the fine 
sensor, which outputs are obtained at respective 
positions of movement performed by the scanning 
means, 

wherein the stimulable phosphor sheet is capable 
of emitting light from front and back surfaces, 

the apparatus further comprises sensor shifting 
means for operating such that, after detection 
of the emitted light from one of the front and 
back surfaces of the stimulable phosphor sheet 
has been finished, the sensor shifting means 
shifts the line sensor to the opposite surface 
side of the stimulable phosphor sheet the line 
sensor thereby detecting two image signals, 
each of which is made up of a series of image 
signal components representing pixels in the 
radiation image, from the front and back sur- 
faces of the stimulable phosphor sheet and 
the reading means performs operation 
processing on image signal components of the 
two image signals, which image signal compo- 
nents represent corresponding pixels on the 
front and back surfaces of the stimulable phos- 
phor sheet. 

[Q145] In the eighth radiation image read-out appara- 
tus in accordance with the present invention, the sensor 
shifting means may shift both the line sensor and the 
line light source to the opposite surface side of the stim- 
ulable phosphor sheet 

[pi 46] The present invention still further provides a 
ninth racfiation image read-out apparatus for carrying 
out the ninth radiation image read-out method in 
accordance with the present invention. Specifically, the 
present invention still further provides a ninth radiation 
image read-out apparatus, comprising: 

0 a line light source for linearly irradiating stimulat- 
ing rays onto an area of a stimulable phosphor 
sheet, on which a radiation image has been stored, 
the stimulating rays causing the stimulable phos- 
phor sheet to emit light in proportion to an amount 
of energy stored thereon during its exposure to 
radiation, 

ii) a line sensor for receiving tight which is emitted 
from the linear area of the stimulable phosphor 
sheet exposed to the linear stimulating rays, and 
performing photoelectric conversion of the received 
tight the line sensor comprising a plurality of photo- 
electric conversion devices arrayed linearly, 

iii) scanning means for moving the stimulable phos- 
phor sheet with respect to the tine light source and 
the line sensor, and 

iv) reading means for reading outputs of the photo- 
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electric conversion devices constituting the line 
sensor, which outputs are obtained at respective 
positions of movement performed by the scanning 
means, 

wherein the stimulable phosphor sheet is capable 5 
of emitting light from front and back surfaces, 

the apparatus further comprises sheet revers- 
ing means for operating such that, after detec- 
tion of the emitted light from one of the from 10 
and back surfaces of the stimulable phosphor 
sheet has been finished, the sheet reversing 
means reverses the front and back surfaces of 
the stimulable phosphor sheet, the line sensor 
thereby detecting two image signals, each of is 
which is made up of a series of image signal 
components representing pixels in the radia- 
tion image, from the front and back surfaces of 
the stimuiabie phosphor sheet, and 
the reading means performs operation 20 
processing on image signal components of the 
two image signals, which image signal compo- 
nents represent corresponding pixels on the 
front and back surfaces of the stimulable phos- 
phor sheet 25 

[0147] In the seventh, eighth, and ninth radiation 
image read-out apparatuses in accordance with the 
present invention, in cases where the line light source 
and the line sensor are located on the same surface 30 
side of the stimulable phosphor sheet, from the point of 
view of keeping the size of the radiation image read-out 
apparatus small, at least part of the optical path of the 
stimulating rays from the line light source to the stimula- 
ble phosphor sheet and at least part of the optical path 35 
of the emitted light from the stimuiabie phosphor sheet 
to the line sensor should preferably overlap each other. 
[0148] The present invention also provides a tenth 
radiation image read-out apparatus for carrying out the 
tenth radiation image read-out method in accordance 40 
with the present invention. Specifically, the present 
invention also provides a tenth radiation image read-out 
apparatus, comprising: 

i) a line light source for linearly irradiating stimulat- 45 
ing rays onto an area of a stimulable phosphor 
sheet, on which a radiation image has been stored, 

the stimulating rays causing the stimulable phos- 
phor sheet to emit light in proportion to an amount 
of energy stored thereon during its exposure to so 
radiation, 

ii) a line sensor for receiving light which is emitted 
from the linear area of the stimulable phosphor 
sheet exposed to the linear stimulating rays, and 
performing photoelectric conversion of the received ss 
light, the line sensor comprising a plurality of photo- 
electric conversion devices arrayed linearly, 

Hi) scanning means for moving the stimulable phos- 



phor sheet with respect to the line light source and 
the line sensor, and 

iv) reading means for reading outputs of the photo- 
electric conversion devices constituting the line 
sensor, which outputs are obtained at respective 
positions of movement performed by the scanning 
means, 

wherein the stimulable phosphor sheet is a stimula- 
ble phosphor sheet for energy subtraction process- 
ing, which stores two radiation images of a single 
object formed with radiation having different energy 
distributions, the stimulable phosphor sheet being 
capable of emitting light which carries information 
of one of the two racfiation images, from a front sur- 
face, and emitting light which carries information of 
the other radiation image, from a back surface, 

two line sensors are utilized, each of which is 
located on one of the front and back surface 
sides of the stimulable phosphor sheet, the two 
line sensors detecting two image signals, each 
of which is made up of a series of image signal 
components representing pixels in foe radia- 
tion image, from the front and back surfaces of 
the stimulable phosphor sheet, and 
the reading means is provided with means for 
performing a subtraction process on image sig- 
nal components of the two image signals, 
which image signal components represent cor- 
responding pixels on the front and back sur- 
faces of the stimulable phosphor sheet 

[0149] In the tenth radiation image read-out apparatus 
in accordance with the present invention (and in elev- 
enth and twelfth radiation image read-out apparatuses 
in accordance with the present invention, which will be 
described later), the line sensor may comprise the plu- 
rality of the photoelectric conversion devices arrayed 
along only the length direction (i.e., the major axis direc- 
tion). Alternatively, as in the first radiation image read* 
out apparatus in accordance with the present invention, 
the line sensor may comprise the plurality of the photo- 
electric conversion devices arrayed along each of the 
major axis direction and the minor axis direction, which 
is normal to the nwyor axis direction. 
[01 50] The present invention further provides an elev- 
enth radiation image read-out apparatus for carrying out 
the eleventh radiation image read-out metiiod in accord* 
ance with the present invention. Specifically, the present 
invention further provides an eleventh radiation image 
read-out apparatus, comprising: 

i) a line light source for linearly irradiating stimulat- 
ing rays onto an area of a stimulable phosphor 
sheet on which a radiation image has been stored, 
the stimulating rays causing the stimulable phos- 
phor sheet to emit light in proportion to an amount 
of energy stored thereon during its exposure to 
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radiation. 

ii) a line sensor for receiving light, which is emitted 
from the linear area of the stimulaWe phosphor 
sheet exposed to the linear stimulating rays, and 
performing photoelectric conversion of the received 5 
light, the line sensor comprising a plurality of photo- 
electric conversion devices arrayed linearly, 

iii) scanning means for moving the stimulaWe phos- 
phor sheet with respect to the line light source and 
the tine sensor, and 10 
fv) reading means for reading outputs of the photo- 
electric conversion devices constituting the line 
sensor, which outputs are obtained at respective 
positions of movement performed by the scanning 
means, ,5 
wherein the stimulaWe phosphor sheet is a stimula- 
ble phosphor sheet for energy subtraction process- 
ing, which stores two radiation images of a single 
object formed with radiation having different energy 
distributions, the stimulate phosphor sheet being 20 
capable of emitting light which carries information 

of one of the two radiation images, from a front sur- 
face, and emitting light, which carries information of 
the other radiation image, from a back surface, 

25 

the apparatus further comprises sensor shifting 
means for operating such that after detection 
of the emitted light from one of the front and 
back surfaces of the stimulate phosphor sheet 
has been finished, the sensor shifting means 30 
shifts the line sensor to the opposite surface 
side of the stimulaWe phosphor sheet, the line 
sensor thereby detecting two image signals, 
each of which is made up of a series of image 
signal components representing pixels in the as 
radiation image, from the front and back sur- 
faces of the stimulaWe phosphor sheet, and 
the reading means is provided with means for 
performing a subtraction process on image sig- 
nal components of the two image signals, 
which image signal components represent cor- 
responding pixels on the front and back sur- 
faces of the stimulate phosphor sheet. 

[01511 In the eleventh radiation image read-out appa- 4s 
ratus in accordance with the present invention, the sen- 
sor shifting means may shift both the line sensor and 
the line light source to the opposite surface side of the 
stimulable phosphor sheet. 

[0152] The present invention still further provides a so 
twelfth radiation image read-out apparatus tor carrying 
out the twelfth radiation image read-out method in 
accordance with the present invention. Specifically, the 
present invention stiH further provides a twelfth radiation 
image read-out apparatus, comprising: ss 

i) a line light source for linearly irradiating stimulat- 
ing rays onto an area of a stimulable phosphor 



sheet on which a radiation image has been stored, 
the stimulating rays causing the stimulable phos- 
phor sheet to emit light in proportion to an amount 
of energy stored thereon during its exposure to 
radiation, 

u) a line sensor for receiving light which is emitted 
from the linear area of the stimulaWe phosphor 
sheet exposed to the linear stimulating rays, and 
performing photoelectric conversion of the received 
light the line sensor comprising a plurality of photo- 
electric conversion devices arrayed linearly, 

iii) scanning means for moving the stimulaWe phos- 
phor sheet with respect to the line light source and 
the line sensor, and 

iv) reading means for reading outputs of the photo- 
electric conversion devices constituting the Hne 
sensor, which outputs are obtained at respective 
positions of movement performed by the scanning 
means, 

wherein the stimulaWe phosphor sheet is a stimula- 
ble phosphor sheet for energy subtraction process- 
ing, which stores two radiation images of a single 
Object formed with radiation having different energy 
distributions, the stimulable phosphor sheet being 
capaWe of emitting light, which carries information 
of one of the two radiation images, from a front sur- 
face, and emitting light which carries information of 
the other radiation image, from a back surface, 

the apparatus further comprises sheet revers- 
ing means for operating such that, after detec- 
tion of the emitted light from one of the front 
and back surfaces of the stimulaWe phosphor 
sheet has been finished, the sheet reversing 
means reverses the front and back surfaces of 
the stimulaWe phosphor sheet, the line sensor 
thereby detecting two image signals, each of 
which is made up of a series of image signal 
components representing pixels in the radia- 
tion image, from the front and back surfaces of 
the stimulable phosphor sheet, and 
the reading means is provided with means tor 
performing a subtraction process on image sig- 
nal components of the two image signals, 
which image signal components represent cor- 
responding pixels on the front and back sur- 
faces of the stimulable phosphor sheet. 

[01 53] In the tenth, eleventh, and twelfth radiation 
image read-out apparatuses in accordance with the 
present invention, in cases where the Hne light source 
and the line sensor are located on the same surface 
side of the stimulable phosphor sheet, from the point of 
view of keeping the size of the radiation image read-out 
apparatus smalt, at least part of the optical path of the 
stimulating rays from the line light source to the stimula- 
We phosphor sheet and at least part of the optical path 
of the emitted light from the stimulable phosphor sheet 
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to the line sensor should preferably overlap each other. 
[0154] The present invention also provides a thir- 
teenth radiation image read-out apparatus for carrying 
out the thirteenth radiation image read-out method in 
accordance with the present invention. Specifically, the 
present invention also provides a thirteenth radiation 
image readout apparatus, comprising: 

i) a surface light source for irradiating stimulating 
rays onto a front surface of a stimulable phosphor 
sheet, on which a radiation image has been stored, 
the stimulating rays causing the stimulable phos- 
phor sheet to emit light in proportion to an amount 
of energy stored thereon during its exposure to 
radiation, 

ii) an area sensor for receiving light, which is emit- 
ted from the area of the front surface of the stimula- 
ble phosphor sheet exposed to the stimulating rays 
or from an area of a back surface of the stimulable 
phosphor sheet corresponding to the area of the 
front surface of the stimulable phosphor sheet, and 
performing photoelectric conversion of the received 
light, the area sensor comprising a plurality of 
arrayed photoelectric conversion devices, and 

iii) reading means for reading outputs of the photo- 
electric conversion devices constituting the area 
sensor, 

wherein the area sensor is a back illuminated type 
of CCD image sensor. 

10155] The present invention further provides a four- 
teenth radiation image read-out apparatus for carrying 
out the fourteenth image read-out method in accord- 
ance with the present invention. Specifically, the present 
invention further provides a fourteenth radiation image 
read-out apparatus, comprising: 

I) a line light source for linearly irradiating stimulat- 
ing rays onto an area of a front surface of a stimula- 
ble phosphor sheet, on which a radiation image has 
been stored, the stimulating rays causing the stimu- 
lable phosphor sheet to emit light in proportion to 
an amount of energy stored thereon during its 
exposure to radiation, 

ii) a line sensor for receiving light, which is emitted 
from the linear area of the front surface of the stim- 
ulable phosphor sheet exposed to the linear stimu- 
lating rays or from a linear area of a back surface of 
the stimulable phosphor sheet corresponding to the 
linear area of the front surface of the stimulable 
phosphor sheet, and performing photoelectric con- 
version of the received light, the line sensor com- 
prising a plurality of arrayed photoelectric 
conversion devices, 

iii) scanning means for moving the stimulable phos- 
phor sheet with respect to the line light source and 
the line sensor and in a direction different from a 
length direction of the linear area of the stimulable 



phosphor sheet and 

iv) reading means for successively reading outputs 
of the photoelectric conversion devices of the line 
sensor in accordance with the movement, 
5 wherein the line sensor is a back illuminated type of 
CCD image sensor. 

[0156] In the fourteenth radiation image read-out 
apparatus in accordance with the present invention, as 
io in the first radiation image read-out apparatus in accord- 
ance with the present invention, the back illuminated 
type of CCD image sensor may comprise the plurality of 
the photoelectric conversion devices arrayed along 
each of the length direction of the linear area of the stirre- 
rs ulable phosphor sheet and the direction, which is nor- 
mal to the length direction. 

[0157] The thirteenth and fourteenth radiation image 
read-out apparatuses in accordance with the present 
Invention should preferably further comprise cooling 
20 means for cooling the back illuminated type of CCD 
image sensor. 

(01 58] As the cooling means for cooling the back illu- 
minated type of CCD image sensor, means utilizing a 
Pettier device, or the like, may be employed. 
25 [01 59] The back illuminated type of CCD image sen- 
sor should preferably be" produced by arraying a plurality 
of back illuminated type of CCD image sensor chips. For 
example, in cases where the back illuminated type of 
CCD image sensor is employed as the line sensor, the 
30 back illuminated type of CCD image sensor may com- 
prise a plurality of back illuminated type of CCD image 
sensor chips arrayed in a straight line or in a zigzag pat- 
tern along the length direction of the linear area of the 
stimulable phosphor sheet. Each of the back illuminated 
35 type of CCD image sensor chips may comprise a plural- 
ity of photoelectric conversion devices arrayed in two- 
dimensional directions and in a matrix-like pattern or in 
a zigzag pattern. 

[0160] The line sensor employed in the fourteenth 
40 radation image read-out apparatus in accordance with 
the present invention may comprise the plurality of the 
photoelectric conversion devices arrayed along only the 
length direction (i.e., the major axis direction). Alterna- 
tively, as in the first radiation image read-out apparatus 
45 in accordance with the present invention, the line sen- 
sor may comprise the plurality of the photoelectric con- 
version devices arrayed along each of the major axis 
direction and the minor axis direction, which is normal to 
the major axis direction. 
so [0161] In the fourteenth radiation image read-out 
apparatus in accordance with the present invention, as 
in the first radiation image read-out apparatus in accord- 
ance with the present invention, the line sensor may 
comprise the plurality of the photoelectric conversion 
65 devices arrayed along each of the major axis direction 
of the linear area of the stimulable phosphor sheet and 
the minor axis direction normal to the major axis direc- 
tion, and the reading means may be provided with cper- 
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ation means tor performing operation processing on the 
outputs of the photoelectric conversion devices, which 
outputs have been obtained at respective positions of 
movement performed by the scanning means and cor- 
respond to an identical site on the stimulable phosphor 5 
sheet. 

[01 62) The present invention still further provides a f H- 
teenth radiation image read-out apparatus for carrying 
out the fifteenth radiation image read-out method in 
accordance with the present invention. Specifically, the 10 
present invention still further provides a fifteenth radia- 
tion image read-out apparatus, comprising: 

i) a line light source for linearly irradiating stimulat- 
ing rays onto an area of a front surface of a stimula- is 
We phosphor sheet, on which a radiation image has 
been stored, the stimulating rays causing the stimu- 
lable phosphor sheet to emit light in proportion to 

an amount of energy stored thereon during its 
exposure to radiation, so 

ii) a line sensor for receiving light, which is emitted 
from the linear area of the front surface of the stim- 
ulable phosphpr sheet exposed to the linear stimu- 
lating rays or from a linear area of a back surface of 
the stimulable phosphor sheet corresponding to the & 
linear area of the front surface of the stimulable 
phosphor sheet, and performing photoelectric con- 
version of the received light, the line sensor com- 
prising a plurality of arrayed photoelectric 
conversion devices, so 

iii) scanning means for moving the stimulable phos- 
phor sheet with respect to the tine light source and 
the line sensor and in a direction different from a 
length direction of the linear area of the stimulable 
phosphor sheet, and 3s 
cv) reading means for successively reading outputs 

of the photoelectric conversion devices of the line 
sensor in accordance with the movement, 
wherein the line light source is constituted of an 
organic EL device. 40 

[0163] The present invention also provides a sixteenth 
radiation image read-out apparatus for carrying out the 
sixteenth radiation image read-out method in accord- 
ance with the present invention. Specifically, the present 45 
invention al6o provides a sixteenth radiation image 
read-out apparatus, comprising: 

i) a surface light source for irradiating stimulating 
rays onto a front surface of a stimulable phosphor so 
sheet, on which a radiation image has been stored, 
the stimulating rays causing the stimulable phos- 
phor sheet to emit light in proportion to an amount 

of energy stored thereon during its exposure to 
radiation, es 

ii) an area sensor for receiving light, which is emit- 
ted from the area of the front surface of the stimula- 
ble phosphor sheet exposed to the stimulating rays 



or from an area of a back surface of the stimulable 
phosphor sheet corresponding to the area of the 
front surface of the stimulable phosphor sheet, and 
performing photoelectric conversion of the received 
light, the area sensor comprising a plurality of 
arrayed photoelectric conversion devices, and 
iii) reading means for reading outputs of the photo- 
electric conversion devices constituting the area 
sensor. 

wherein the surface light source is constituted of an 
organic EL device. 

[0164] The line sensor employed in the fifteenth radi- 
ation image read-out apparatus in accordance with the 
present invention may comprise the plurality of the pho- 
toelectric conversion devices arrayed along only the 
length direction (i.e., the major axis direction). Alterna- 
tively, as in the first radiation image read-out apparatus 
in accordance with the present invention, the line sen- 
sor may comprise the plurality of the photoelectric con- 
version devices arrayed along each of the major axis 
direction and the minor axis direction, which is normal to 
the major axis direction. 

[01 65] In the fifteenth radiation image read-out appa- 
ratus in accordance with the present invention, as in the 
first radiation image read-out apparatus in accordance 
with the present invention, the line sensor may comprise 
the plurality of the photoelectric conversion devices 
arrayed along each of the major axis direction of the lin- 
ear area of the stimulable phosphor sheet and the minor 
axis direction normal to the major axis direction, and the 
reading means may be provided with operation means 
for performing operation processing on the outputs of 
the photoelectric conversion devices, which outputs 
have been obtained at respective positions of move- 
ment performed by the scanning means and corre- 
spond to an identical site on the stimulable phosphor 
sheet. 

[01 66] Th e present invention further provides a seven- 
teenth radiation image readout apparatus for carrying 
out the seventeenth radiation image read-out method in 
accordance with the present invention. Specifically, the 
present invention further provides a seventeenth radia- 
tion image read-out apparatus, comprising: 

i) line light source for linearly irradiating stimulating 
rays onto an area of a front surface of a stimulable 
phosphor sheet, on which a radiation image has 
been stored, the stimulating rays causing the stimu- 
lable phosphor sheet to emit light in proportion to 
an amount of energy stored thereon during its 
exposure to radiation, 

Ii) a line sensor for receiving light which is emitted 
from the linear area of the front surface of the stim- 
ulable phosphor sheet exposed to the linear stimu- 
lating rays or from a linear area of a back surface of 
the stimulable phosphor sheet corresponding to the 
linear area of the front surface of the stimulable 
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phosphor sheet, and performing photoelectric con- 
version of the received light, the line sensor com- 
prising a plurality of arrayed photoelectric 
conversion devices, 

iii) a light guiding optical system tor guiding the s 
emitted light, the light guiding optical system being 
located between the stimulable phosphor sheet and 
the tine sensor, and 

iv) scanning means for moving the stimulable phos- 
phor sheet with respect to the line light source, the 10 
light guiding optical system, and the line sensor and 
in a direction different from a length direction of the 
linear area of the stimulable phosphor sheet, 
wherein the light guiding optical system has been 
subjected to coloring for transmitting only the emit- 15 
ted light and tittering out the stimulating rays. 

[0167] With the first radiation image read-out method 
and apparatus in accordance with the present invention, 
the tine sensor comprises the plurality of the photoelec- 20 
trie conversion devices arrayed along each of the length 
direction of the linear fight emitted by the stimulable 
phosphor sheet and the direction normal to the length 
direction. Therefore, if the light receiving width of each 
photoelectric conversion device is smaller than the line 2s 
width of the light emitted by the stimulable phosphor 
sheet (i.e., the line width on the light receiving surface of 
the photoelectric conversion device), the line sensor as 
a whole can receive the emitted light over approximately 
the entire line width of the emitted light. As a result, the so 
tight receiving efficiency can be enhanced. Also, the 
operation means performs the operation processing, 
such as addition processing, on the outputs of the pho- 
toelectric conversion devices, which outputs have been 
obtained at respective positions of movement of the 35 
Stimulable phosphor sheet or the line sensor performed 
by the scanning means and which correspond to an 
identical site on the stimulable phosphor sheet. In this 
manner, the Kght collecting efficiency at each site on the 
stimulable phosphor sheet can be enhanced. Further, 40 
since the light receiving width of each photoelectric con- 
version device is not set to be large for an increase in 
the light receiving size, the resolution does not become 
low, and a desired level of resolution can be obtained. 
[01 68] Furthermore, in cases where the line sensor is 45 
produced by arraying a plurality of sensor chips, it can 
be produced with a simple production process, the yield 
of the products in the production process can be 
enhanced, and tie cost can be kept low. Particularly, in 
cases where the sensor chips are arrayed in a zigzag so 
pattern, free regions which are not occupied by sensor 
chips can be formed in the line sensor, and electric cir- 
cuits for pixel shift compensation and other elements 
can be located at the free regions. 
[0169] In the first radiation image read-out method ss 
and apparatus (and the second to twelfth radiation 
image read-out methods and apparatuses) in accord- 
ance with the present invention, the line sensor is 



employed as the photoelectric read-out means. There- 
fore, the advantages over conventional radiation image 
read-out methods and apparatuses utilizing photoelec- 
tric read-out means other than the tine sensor can be 
obtained in that the time required to detect the emitted 
light can be kept short, the apparatus size can be 
reduced, and the cost can be kept low due to reduction 
in mechanical scanning optical parts, and the like. 
[0170] With the second radiation image read-out 
method and apparatus in accordance with the present 
invention, the linear laser beam, which is coherent light, 
is irradiated from the broad area laser to the stimulable 
phosphor sheet, and ttie radiation image stored on the 
stimulable phosphor sheet is thereby read out. There- 
fore, the second radiation image read-out method and 
apparatus in accordance with the present invention are 
advantageous over radiation image read-out methods 
and apparatuses utilizing a fluorescent lamp, a cold 
cathode fluorescent lamp, or an LED array as the light 
source in that the directivity of the stimulating rays is 
high, the intensity of the stimulating rays is high, and 
therefore high stimulation energy can be imparted to the 
stimulable phosphor sheet. As a result, an image having 
a high signal-to-noise ratio can be obtained. 
[0171] With the second radiation image read-out 
method and apparatus in accordance with the present 
invention, wherein the tine sensor comprises the plural- 
ity of the photoelectric conversion devices arrayed along 
each of the length direction of the linear light emitted by 
the stimulable phosphor sheet and the direction normal 
to the length direction, the same effects as those with 
the first radiation image read-out method and apparatus 
in accordance with the present invention can be 
obtained. 

[01 72] With the third and fourth radiation image read- 
out methods and apparatuses in accordance with the 
present invention, wherein at least part of the optical 
path of the stimulating rays and at least part of the opti- 
cal path of the emitted light overlap each other, the 
space occupied by the optical paths can be reduced, 
and the size of the entire radiation image read-out appa- 
ratus can be reduced. In cases where the overlapping of 
the optical paths is achieved by utilizing at least part of 
optical elements, which constitute the stimulating ray 
guiding means, and at least part of optical elements, 
which constitute the emitted light guiding means, in 
common with each other, at least part of the optical ele- 
ments of the stimulating ray guiding means and the 
emitted light guiding means can be omitted. Therefore, 
the cost can be kept low. 

(0173] With the fourth radiation image read-out 
method and apparatus in accordance with the present 
invention, wherein the line sensor comprises the plural- 
ity of the photoelectric conversion devices arrayed along 
each of the length direction of the linear light emitted by 
the stimulable phosphor sheet and the direction normal 
to the length direction, the same effects as those with 
the first radiation image read-out method and apparatus 
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in accordance with the present invention can be 
obtained. 

[0174] With the fifth and sixth radiation image read-out 
methods and apparatuses in accordance with the 
present invention, wherein the light emission region of 
the stimulable phosphor sheet is partitioned by the stim- 
ulating ray reflecting partition member into a plurality of 
fine cells, the stimulating rays impinging upon the pre- 
determined area (the linear area) of the stimulable 
phosphor sheet can be prevented from scattering 
boundlessly beyond the fine cells in the stimulable 
phosphor sheet. Therefore, the light is emitted from only 
the line width area approximately identical with the lin- 
ear area upon which the stimulating rays impinge. 
Accordingly, the light collecting efficiency of the line 
sensor can be enhanced without the desired resolution 
becoming low. 

[0175] Also, the emitted light occurs in units of fine 
cells, and therefore the sharpness of the image repro- 
duced from an image signal having been obtained from 
the photoelectric conversion can be enhanced. 
[0176] With the sixth radiation image read-out method 
and apparatus in accordance with the present invention, 
as in the first radiation image read-out method and 
apparatus in accordance with the present invention, the 
line sensor comprises the plurality of the photoelectric 
conversion devices arrayed along each of the length 
direction of the linear light emitted by the stimulable 
phosphor sheet and the direction normal to the length 
direction, and the operation processing is performed on 
the outputs of the photoelectric conversion devices, 
which outputs have been obtained at respective posi- 
tions of movement and correspond to an identical site 
on the stimulable phosphor sheet Therefore, in cases 
where the line width of the linear stimulating rays is 
larger than the width of each f ine cell, the tight simulta- 
neously emitted from fine cells, which are adjacent to 
one another along the line width direction, is capable of 
being collected by corresponding rows of photoelectric 
conversion devices, and the light collecting efficiency 
can be enhanced by. for example, adding outputs of the 
photoelectric conversion devices. Also, in cases where 
the width of each photoelectric conversion device is 
smaller than the width of each fine cell, the emitted light 
scattering to the line width direction in a single fine cell 
is capable of being collected by several corresponding 
rows of photoelectric conversion devices. As a result, 
the resolution and the light collecting efficiency can be 
enhanced. 

[0177] With the seventh, eighth, and ninth radiation 
image read-out methods and apparatuses in accord- 
ance with the present invention, image signals repre- 
senting the radiation image having been stored on the 
stimulable phosphor sheet are detected from the front 
and back surfaces of the stimulable phosphor sheet, 
and the operation processing is performed on image 
signal components of the two image signals, which 
image signal components represent corresponding pix- 
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els on the front and back surfaces of the stimulable 
phosphor sheet. Therefore, noise occurring at random 
in the effective image storing region of the stimulable 
phosphor sheet can be reduced markedly, and slight dif- 
ferences in radiation absorptivity of an object can be 
illustrated clearly in the ultimately reproduced image, 
i.e., the detection capability can be enhanced markedly. 
[0178] Also, with the seventh, eighth, and ninth radia- 
tion image read-out methods and apparatuses in 
accordance with the present invention, wherein the line 
sensor comprises a plurality of rows of photoelectric 
conversion devices as in the first radiation image read- 
out method and apparatus in accordance with the 
present invention, if the light receiving width of each 
photoelectric conversion device (i.e., the width taken 
along the minor axis direction of the line sensor) is 
smaller than the line width of the light emitted by me 
stimulable phosphor sheet, the line sensor as a whole 
can receive the emitted light over approximately the 
entire line width of the emitted Bghi As a result, the light 
receiving efficiency can be enhanced. 
[01 79] With the tenth, eleventh, and twelfth radiation 
image read-out methods and apparatuses in accord- 
ance with the present invention, the stimulable phos- 
phor sheet is a stimulable phosphor sheet for energy 
subtraction processing, which stores two radiation 
images of a single object formed with radiation having 
different energy distributions, the stimulable phosphor 
sheet being capable of emitting light, which carries 
information of one of the two radiation images, from the 
front surface, and emitting light, which carries informa- 
tion of the other radiation image, from the back surface. 
Two image signals are detected from the front and back 
surfaces of the stimulable phosphor sheet by utilizing 
the line sensor. The subtraction process is then per- 
formed on image signal components of the two image 
signals, which image signal components represent cor- 
responding pixels on the front and back surfaces of the 
stimulable phosphor sheet. In this manner, a subtraction 
image, in which only the pattern of a specific tissue or 
structure embedded in the radiation image has been 
enhanced or extracted, can be obtained easily. 
[0180] Also, with the tenth, eleventh, and twelfth radi- 
ation image read-out methods and apparatuses in 
accordance with the present invention, wherein the line 
sensor comprises a plurality of rows of photoelectric 
conversion devices as in the first radiation image read- 
out method and apparatus in accordance with the 
present invention, if the light receiving width of each 
photoelectric conversion device (i.e., the width taken 
along the minor axis direction of the line sensor) is 
smaller than the line width of the light emitted by the 
stimulable phosphor sheet, the line sensor as a whole 
can receive the emitted light over approximately the 
entire line width of the emitted light. As a result, the light 
receiving efficiency can be enhanced. 
[0181] With the thirteenth and fourteenth radiation 
image read-out methods and apparatuses in accord- 
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ance with the present invention, the radiation image 
having been stored on the stimulate phosphor sheet is 
read out by utilizing the back illuminated type of CCD 
image sensor having a high quantum efficiency. There- 
fore, it is possible to obtain an image signal having a 
higher level than with the ordinarily utilized front illumi- 
nated type of CCD image sensor. As a result an image 
having good image quality with a high signal-to-noise 
ratio can be obtained. Also, the back illuminated type of 
CCD image sensor can perform light detection more 
quickly and more accurately than the front iKuminated 
type of CCD image sensor, and therefore quick and 
accurate light detection as with a photomultipiier can be 
achieved. 

[0182] The quantum efficiency of the back illuminated 
type of CCD image sensor is high over the ultraviolet to 
infrared region. Particularly, the back illuminated type of 
CCD image sensor has the characteristic features in 
that, in the uttraviolet to blue region, the quantum effi- 
ciency is markedly high (e.g. , at least 50%). (In the ultra- 
violet to blue region, the quantum efficiency of the front 
illuminated type of CCD image sensor is approximately 
zero.) In cases where the back illuminated type of CCD 
image sensor is utilized in combination with, particularly, 
a stimulable phosphor sheet emitting blue light, the 
emitted light utilization efficiency can be enhanced 
markedly, and markedly large effects of obtaining 
images having good quality can be obtained. 
[018$] In cases where the cooling means fa cooling 
the back illuminated type of CCD image sensor is uti- 
lized, the dark output can be reduced, and an image 
having good image quality free from noise can be 
obtained. 

[0184} With the fourteenth radiation image read-out 
method and apparatus in accordance with the present 
invention, wherein the line sensor comprises the plural- 
ity of the photoelectric conversion devices arrayed along 
each of the length direction of the linear light emitted by 
the stimulable phosphor sheet and the direction normal 
to the length direction, the same effects as those with 
the first radiation image read-out method and apparatus 
in accordance with the present invention can be 
obtained. 

[0t85] Further, in cases where the back illuminated 
type of CCD image sensor is produced by arraying a 
plurality of back illuminated type of CCD image sensor 
chips, the sensor can be produced with a simple pro- 
duction process, the yield of the products in the produc- 
tion process can be enhanced, and the cost can be kept 
low. Particularly, in cases where the back illuminated 
type of CCD image sensor chips are arrayed in a zigzag 
pattern, free regions which are not occupied by the 
chips can be formed in the sensor, and electric circuits 
for pixel shift compensation and other elements can be 
located at the free regions. 

[0186] In the thirteenth and fourteenth radiation image 
read-out methods and apparatuses in accordance with 
the present invention, the area sensor or the line sensor 
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is employed as the photoelectric read-out means, and 
light detection is performed with a single simultaneous 
detection or successively with respect to lines. There- 
fore, the advantages over conventional radiation image 
read-out methods and apparatuses utilizing photoelec- 
tric read-out means, such as a photomultipiier, other 
than the line sensor can be obtained in that the time 
required to detect the emitted light can be kept short, 
the apparatus size can be reduced, and the cost can be 
kept low due to reduction in mechanical scanning opti- 
cal parts, and the like. 

[0187] With the fifteenth and sixteenth radiation image 
read-out methods and apparatuses in accordance with 
the present invention, the radiation image stored on the 
stimulable phosphor sheet is read out by utilizing the 
stimulating ray source constituted of the organic EL 
device. Therefore, the fifteenth and sixteenth radiation 
image read-out methods and apparatuses in accord- 
ance with the present invention are advantageous over 
radiation image read-out methods and apparatuses uti- 
lizing a fluorescent lamp, a cold cathode fluorescent 
lamp, or an LED array as the light source in that the 
intensity of the stimulating rays is high, sufficiently high 
luminance can be obtained, and therefore high stimula- 
tion energy can be imparted to the stimulable phosphor 
sheet. As a resutt, art image having a high signal-to- 
noise ratio can be obtained. 
[0188] In cases where the light source is constituted 
of the organic EL device, by the formation of the organic 
EL device in a line-like shape or a surface-like shape. , 
the line-like or surface-like EL light beam having a 
desired size can be produced by the organic EL device, 
and an light expanding mechanism may not be pro- 
vided. Also, the directivity of the stimulating rays can be 
enhanced. Particularly, in cases where the line light 
source is constituted of the organic EL device, the 
advantages over a broad area laser capable of produc- 
ing a laser beam of high luminance can be obtained in 
that the line Kght source is compact (thin), cheap, and 
easy to process. 

[0189] Wrth the fifteenth radiation image read-out 
method and apparatus in accordance with the present 
invention, wherein the line sensor comprises the plural- 
ity of the photoelectric conversion devices arrayed along 
each of the length direction of the linear light emitted by 
the stimulable phosphor sheet and the direction normal 
to the length direction, the same effects as those with 
the first radiation image read-out method and apparatus 
in accordance with the present invention can be 
obtained. 

[0190] In the fifteenth and sixteenth radiation image 
read-out methods and apparatuses in accordance with 
the present invention, the area sensor or the line sensor 
is employed as the photoelectric read-out means, and 
light detection is performed with a single simultaneous 
detection or successively with respect to lines. There- 
fore, ths advantages over conventional radiation image 
read-out methods and apparatuses utilizing photoelec- 
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trie read-out means, such as a photomuttiplier, other 
than the line sensor can be obtained in that the time 
required to detect the emitted tight can be kept short, 
the apparatus size can be reduced, and the cost can be 
kept low due to reduction In mechanical scanning opti- 5 
cal parts, and the like. 

[0191] With tie seventeenth radiation image read-out 
method and apparatus in accordance with the present 
invention, the light guiding optical system, which is 
colored and thereby imparted with the filter functions for 10 
transmitting only the emitted light and filtering out the 
stimulating rays, is located between the line light source 
and the line sensor Therefore, it is not necessary for a 
particular f Hter for filtering out the stimulating rays to be 
inserted into the optical system. As a result the die- is 
tance between the stimutable phosphor sheet and the 
light guiding optical system can be reduced, and the 
light emitted by the stimulable phosphor sheet can be 
collected with a large angular aperture (numerical aper- 
ture), so 
[0192] Accordingly, the intensity and the position of 
the emitted light can be detected with a high light col- 
lecting efficiency and high resolution. As a resuR, an 
image having high sharpness can be obtained from the 
thus detected image signal. ss 
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Figure 1 A is a perspective view showing an embod- 
iment of the first radiation image read-out appara- 
tus in accordance with the present invention, 
Figure 1 B is a sectional view taken on line l-l of Fig- 
ure 1A, 35 
Figure 2 is an explanatory view showing a line sen- 
sor in the embodiment of Figure 1 A, 
Figures 3A and 3B are explanatory views showing 
relationship between a beam width of stimulating 
rays and a beam width of emitted light, 40 
Figure 3C is a graph showing an intensity distribu- 
tion of the emitted tight along the beam width direc- 
tion, 

Figures 4A, 4B, and 4C are explanatory views 
showing how the embodiment of Figure 1A oper- 45 
ates, 

Figure 5 is a conceptual view showing memory 
regions in a memory of addition means, which cor- 
respond to sites on a stimutable phosphor sheet, 
Figures 6A, 6B, and 6C are explanatory views 50 
showing relationship between a beam width of 
emitted tight and one of photoelectric conversion 
devices constituting a conventional line sensor, 
Figures 7A and 7B are explanatory views showing 
different examples of arraying of photoelectric con- ss 
version devices constituting the line sensor in the 
embodiment of Figure 1 A, 
Figure 8 is a sectional view showing a different 



embodiment of the first radiation image read-out 
apparatus in accordance with the present invention. 
Figure 9 is a sectional view showing a further differ- 
ent embodiment of the first radiation image read- 
out apparatus in accordance with the present inven- 
tion, 

Figures 10A, 10B, and 10G are explanatory views 
showing examples of CCD image sensors, which 
are constituted of a plurality of CCD image sensor 
chips and serve as the line sensors, 
Figures 10D, 10E, and 10F are explanatory views 
showing examples of arraying of photoelectric con- 
version devices constituting the CCD image sensor 
chips, 

Figures 10Q, 10H, and 101 are explanatory views 
showing different examples of CCD image sensors, 
which are constituted of a plurality of CCD image 
sensor chips and serve as the line sensors, 
Figure 11 A is a perspective view showing an 
embodiment of the second radiation image read- 
out apparatus in accordance with the present inven- 
tion, 

Figure 118 is a sectional view taken on tine l-t of 
Figure 11 A, 

Figure 12 is an explanatory view showing a line 
sensor in the timbodiment of Figure 1 1 A, 
Figure 13 is a sectional view showing an embodi- 
ment of the third radiation image read-out appara- 
tus in accordance with the present invention, 
Figure 14 is a sectional view showing a different 
embodiment of the third radiation image read-out 
apparatus in accordance with the present invention, 
Figure 15A is a perspective view showing an 
embodiment of the fifth radiation image read-out 
apparatus in accordance with the present invention, 
Figure 15B is a sectional view taken on line l-l of 
Figure 15 A, 

Figure 16 is an explanatory view showing a tine 
sensor in the embodiment of Figure 15A, 
Figure 17A is a perspective view showing a stimula- 
ble phosphor sheet in the embodiment of Figure 
15A, 

Figures 17B and 17C are sectional views showing 
examples of structures of the stimulable phosphor 
sheet shown in Figure 1 7A, 
Figure 18A is an explanatory view showing relation- 
Ship between a beam width of stimulating rays and 
a beam width of emitted light in the embodiment of 
Figure 15 A, 

Figure 1 SB is a graph showing an intensity distribu- 
tion of the emitted light in the embodiment of Figure 
15A, 

Figure 19 is an explanatory view showing relation- 
ship between a beam width of emitted light and a 
width of a line sensor in an embodiment of the sixth 
racfiation image read-out apparatus irt accordance 
with the present invention, in which the line sensor 
comprises a plurality of rows of photoelectric con- 
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version devices, 

Figure £0 is an axpianatory view showing the line 

sensor in ttic ernbodifTtsrrt of Figure 1 9, 

Figures 21 A, 21 B, and 21C are explanatory views 

showing how the embodiment of Figure 19 oper- s 

afes, 

Figure 22 is a conceptual view showing memory 
regions in a memory of addition means, which cor- 
respond to sites on the stimuiable phosphor sheet 
(fine ceils in the stimuiable phosphor sheet), to 
Figure 23 is an explanatory view showing relation- 
ship between a beam width of emitted light and a 
width of a line sensor in a different embodiment of 
the sixth radiation image read-out apparatus in 
accordance with the present invention, in which the is 
line sensor comprises a plurality of rows of photoe- 
lectric conversion devices, 
Figure 24 is a sectional view showing a further dif- 
ferent embodiment of the sixth radiation image 
read-out apparatus in accordance with the present so 
invention, 

Figure 25 is a sectional view showing a still further 
different embodiment of the sixth radiation image 
read-out apparatus in accordance with the present 
invention, 25 
Figure 26A is a perspective view showing an 
embodiment of the swenth radiation image read- 
out apparatus in accordance with the present inven- 
tion, 

Figure 26B is a sectional view taken on line l-l of 30 
Figure 26A, 

Figure 27 is an explanatory view showing relation- 
ship between a line sensor 20 and a direction of 
movement of a stimuiable phosphor sheet $0\ 
Figure 28 is a sectional view showing a different 35 
embodiment of the seventh radiation image read- 
out apparatus in accordance with the present inven- 
tion, 

Figure 29A is a perspective view showing an 
embodiment of the eighth radiation image read-out 40 
apparatus in accordance with the present invention, 
Figure 29B is a sectional view taken on line i-l of 
Figure 29A, 

Figure 30 is a sectional view showing a different 
embodiment of the eighth radiation image read-out 45 
apparatus in accordance with the present invention, 
Figure 31 is a sectional view showing a further dif- 
ferent embodiment of the eighth radiation image 
read-out apparatus in accordance with the present 
invention, so 
Figure 32A is a perspective view showing an 
embodiment of the ninth radiation image read-out 
apparatus in accordance with the present invention. 
Figure 32B is a sectional view taken on line l-l of 
Figure 32A, 55 
Figure 33A is a perspective view showing an 
embodiment of the tenth radiation image read-out 
apparatus in accordance with the present invention, 



Figure 3*i6 is a sectional view taken on line M of 
Figure 33A. 

Figures 34A and 348 are sectional views shcwr^ 
examples of stimulabJe phosphor sheets for energy 
subtraction processing. 

Figure 35 is a sectional view showing a different 
embodiment of the tenth radiation image read-out 
apparatus in accordance with the present invention, 
Figure 36A is a perspective view showing an aniso- 
tropic stimuiable phosphor sheet, 
Figures 36B and 36C are sectional views showing 
examples of structures of the anisotropic stimuiable 
phosphor sheet shown in Figure 36A, 
Figure 37A is a perspective view showing an 
embodiment of the eleventh radiation image read- 
out apparatus in accordance with the present inven- 
tion. 

Figure 37B is a sectional view taken on line i-l of 
Figure 37A, 

Figure 38 is a sectional view showing a different 
embodiment of the eleventh radiation image read- 
out apparatus in accordance with the present inven- 
tion, 

Figure 39 is a sectional view showing a further dif- 
ferent embodiment of the eleventh radiation image 
read-out apparatus in accordance with the present 
invention, 

Figure 40A is a perspective view showing an 
embodiment of the twelfth radiation image read-out 
apparatus in accordance with the present invention, 
Figure 40B is a sectional view taken on line l-l of 
Figure 40A, 

Figure 41 is a graph showing typical spectral sensi- 
tivity chamcteristics of a back illuminated type of 
CCD image sensor, 

Figure 42 is a graph showing typical dark output- 
temperature characteristics of the back illuminated 
type of CCD image sensor, 
Figures 43A, 43B. and 43C are explanatory views 
showing examples of back illuminated type of CCD 
image sensors, which are constituted of a plurality 
of back illuminated type of CCD image sensor chips 
and serve as the line sensors, 
Figures 43D, 43E, 43 F, and 433 are explanatory 
views showing examples of arraying of photoelec- 
tric conversion devices constituting the back illumi- 
nated type of CCD image sensor chips, 
Figures 43H, 431, and 43J are explanatory views 
showing different examples of back illuminated type 
of CCD image sensors, which are constituted of a 
plurality of back illuminated type of CCD image sen- 
sor chips and serve as the line sensors, 
Figure 44 is a perspective view showing an embod- 
iment of the seventeenth radiation image read-out 
apparatus in accordance with the present invention, 
Figure 45 is a side view showing the embodiment of 
Figure 44, 

Figure 46 is a side view showing a different embod- 
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iment of the seventeenth radiation image read-out 
apparatus in accordance with the present invention. 
Figure 47 is a side view showing a further different 
embodiment of the sevemeernn radiation image 
read-out apparatus in accordance with the present e 
invention, 

Figure 48 is a perspective view shewing a different 
embodiment of the radiaifon image read-out appa- 
ratus in accordance with the present invention, and 
Figure 49 is a graph showing a wave form of a ref- w 
srenca image signal. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

TS 

[0194] The present invention will hereinbelow be 
descrfoed in further detail with reference to the accom- 
panying drawings. 

[0195] Figure 1A is a perspective view shewing an 
embodiment of the first radiation image read-out appa- 20 
ratus in accordance with the present invention. Figure 
1 B is a sectional view taken on line !-! of Figure 1 A. Fig- 
ure 2 is an explanatory view showing a line sensor in the 
embodiment of Figure 1A. 

[01 96] With reference to Figures 1A and IB, the radi- 25 
ation image read-out apparatus comprises a scanning 
befct 40 for supporting a stirnulsWe phosphor sheet 
(hereinbelow referred to simply as the sheet) 50, on 
which a radiation image has been stored, and convey- 
ing the sheet 50 in the direction indicated by the arrow 00 
Y The radiation image read-out apparatus also com- 
prises a broad area laser (hereinbelow referred to as 
the BLD) 1 1 for radiating out secondary stimulating rays 
(hereinbelow referred to simply as the stimulating rays) 
L having a linear pattern with a line width of approxi- 
mately iOOum. The stimulating rays L are radiated out 
approximately in parallel with the front surface of the 
sheet 50. The radiation image read-out apparatus fur- 
ther comprises an optical system 12, which is consti- 
tuted of a combination of a collimator lens for colJimating 
the linear stimulating rays L having been radiated out of 
the BLD 11 and a toric lens for expanding the beam only 
in one direction. The radiation image read-out appara- 
tus still further comprises a dichroic mirror 14, which is 
located at an angle of 45 degrees with respect to the 
front surface of the sheet 50 and which is set so as to 
reflect the stimulating rays L and to transmit emitted 
light M described later. The radiation image read-out 
apparatus also comprises a distributed index lens array 
(constituted of an array of a plurality of distributed index 
lenses and hereinbelow referred to as the first SELFOC 
tens array) 15. The first SELFOC lens array 15 con- 
verges the linear stimulating rays U which have been 
reflected from the dichroic mirror 14, into a linear beam 
(having a line width of approximately 100um) extending 
along the direction indicated by the arrow X on the sheet 
50. Also, the first SELFOC lens array 15 collimates the 
emitted M, which is emitted by the sheet 50 exposed to 



the linear stimulating rays L and which carries image 
information of the radiation image stored on the sheet 
50. The radiation image read-out apparatus further 
comprises a second SELFOC lens array 16 for converg- 
ing the emitted Hght which has been coiiimated by 
the first SELFOC lens array 15 and has then passed 
Through the dichroic mirror 14. onto light receiving sur- 
faces of prxrtoslectriv conversion de-vices 21 , 21 , ... con- 
stituting a tine sensor 20, which will be described iater. 
The radiation image read-out apparatus still further 
comprises a stimulating ray cut-off finer 17 for transmit- 
ting only the emitted light M and filtering out the stimu- 
lating rays L, which have been reflected from the front 
surface of the sheet 50 and which are mixed slightly in 
the emitted light M having passed through the second 
SELFOC lens array 16. The radiation image read-out 
apparatus also comprises the line sensor 20, which is 
constituted of a plurality of photoelectric conversion 
devices 21, 21. ... for receiving the emitted light M hav- 
ing passed through the stimulating ray cut-off filter 1 7 
and for photoelectrical^ converting the emitted light M. 
The radiation image read-out apparatus further com- 
prises imago information reading means 30. The image 
information reading means 30 is provided with addition 
means 31 for performing addition processing on outputs 
of the photoelectric conversion devices 21, 21, ... consti- 
tuting the line sensor 20, which outputs correspond to 
an identical site on the sheet 50. The image information 
reading means 30 feeds out an image signal having 
been obtained from the addition processing. 
[0197J The first SELFOC lens array 15 acts such that 
an image of thB emission area of the emitted light M on 
the sheet 50 is formed in one-to-one size relationship on 
the image surface at the dichroic mirror 14. The second 
SELFOC lens array 16 acts such that an image of the 
emitted light M on the dichroic mirror 14 is formed in 
one-to-one size relationship on the image surface at the 
light receiving surfaces of the photoelectric conversion 
devices 21, 21, ... 

[01d8] The optical system 12, which is constituted of 
the collimator lens and the toric lens, expands the stim- 
ulating rays L, which come from the BLD 11, into a 
desired irradiation area on the dichroic mirror 14. 
[0199] As illustrated in Figure 2, the tine sensor 20 
comprises a plurality of (e.g., at least 1,000 pieces of) 
photoelectric conversion devices 21, 21, ... arrayed in 
each row along the direction indicated by the double- 
headed arrow X. Three such rows of the photoelecfric 
conversion devices 21 , 21, ... extending in the direction 
indicated by the double-headed arrow X stand side by 
side in the direction of conveyance of the sheet 50 (i.e., 
in the direction indicated by the arrow Y). Each of the 
photoelectric conversion devices 21, 21, ... constituting 
the line sensor 20 has the light receiving surface having 
a size of approximately 100umx100um The size of 
each light receiving surface is the size capable of 
receiving the emitted light M occurring from part having 
a size of approximately 100^tmxl00um on the surface 
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of the sheet 50. As the photoelectric conversion devices 
21,21, .... amorphous silicon sensors, CCD image sen- 
sors, MOS image sensors, or the tike, may be 
employed. 

[0200] How this embodiment of the first radiation 
image read-out apparatus in accordance with the 
present invention operates will be described hereinbe- 
iow. 

(0201 ] Firstly, the scanning belt 40 moves in the direc- 
tion indicated by the arrow Y t and the sheet 50, on which 
the radiation image has been stored and which is sup- 
ported on the scanning belt 40, is conveyed in the direc- 
tion indicated by the arrow Y. The conveyance speed of 
the sheet 50 is equal to th9 movement speed of the 
scanning belt 40. Information representing the move- 
ment speed of the scanning belt 40 is fed into the addi- 
tion means 31 . 

[0202] The BLD 1 1 radiates out ths stimulating rays L 
having a linear pattern with a line width of approximately 
1 QOum. The stimulating rays L are radiated cut approxi- 
mately in parallel with the front surface of the sheet 50. 
The stimulating rays L are coHimated by the optical sys- 
tem 12, which is constituted of the collimator tens and 
the toric lens and is located in the optical path of the 
stimulating rays L. The coHimated stimulating rays L are 
reflected from the dichrcic mirror 1 4 to the direction that 
impinges perpendicularly upon the front surface of the 
sheet SO. As illustrated in Figure 3A. the reflected stim- 
ulating rays L are converged by the first SELFOC lens 
array 15 into a linear beam (having a line width d L of 
approximately lOQpm) extending along the direction 
indicated by the arrow X on the sheet 50. 
{0203] As illustrated in Figure 38. the linear stimulat- 
ing rays L impinging upon the sheet 50 stimulate the 
stimulabte phosphor at the exposed area (having a line 
width o\_ of approximately 100pm). The stimulating rays 
I also enter into the sheet SO from the exposed area, 
are scattered to the areas neighboring with the exposed 
area, and stimulate the stimulate phosphor at the 
neighboring areas, in this manner, the stimuiabie phos- 
phor at the area (having a line width d M ) containing the 
exposed area and the neighboring areas is stimulated. 
As a result, the light M carrying ths image information 
stored on the sheet 50 is emitted from the area (having 
a line width d M ) containing the exposed area and the 
neighboring areas. The emitted light M has an intensity 
distribution along the line width direction shown In Fig- 
ure 3C. 

[0204] The light M emitted from the area of the sheet 
50 having the line width d M is coHimated by the first 
SELFOC lens array 15, passes through the dichroic mir- 
ror 14, and Is converged by the second SELFOC lens 
array 16 onto each of the tight receiving surfaces of the 
photoelectric conversion devices 21, 21, ... constituting 
the fine sensor 20. At this time, trie stimulating rays L, 
which have been reflected from the front surface at the 
sheet 50 and are mixed slightly in the emitted tight M 
having passed through the second SELFOC lens array 



16. arefiitered out by the stimulating ray cut-off filter 17. 
[0205] As illustrated in Figure 2, the relationship 
between ths size of each photoelectric conversion 
device 21 and the distrfcutson of the emitted iight M on 

s the tight receiving surface of the line sensor 20 Is set 
such that the line width d M of the errtrited iight M on the 
surface of the sheet 50 may correspond to the total 
width (of approximately 300nm) of the three rows of the 
photoeldctric conversion devices 21, 21, ... standing 

to side by side in the direction indicated by the arrow Y 
[0206] The line sensor 20 photoeiectrically converts 
the emitted iight M, which has been received by each of 
the photoelectric conversion devices 21. 21, .... and 
obtains sisnai components Q, 0, ... from the photoelec- 

i5 trie conversion devices 21 , 21 , ... An image signal made 
up of the signal components Q, Q, ... is represented by 
Sin Figure 1B. 

[0207] In accordance with the movement speed of the 
scanning belt 40, the addition means 31 cumulates and 
so stores ths signal components Q, Q, . .. , which have been 
received from the photoelectric conversion devices 21 , 

21 in memory regions corresponding to respective 

sites on the sheet 50. 

[0200] How the signal components Q, Q, ... are cumu- 

25 fated and stored wiii hereinbelow be described in detail 
with reference to Figures 4A, 4B, 40, and Figure 5. In 
this embodiment, as an aid in facilitating the explana- 
tion, the optical systems located between ths sheet 50 
and tine tine sensor 20 are set such that the line width 

so d M of the emitted light M on the surface of the sheet 50 
and the line width d M of the emitted light M on the 
receiving surface of the line sensor 20 may coincide 
with each other. However, the first radiation image read- 
out apparatus in accordance with the present invention 

35 is not limited to the cases wherein the line width d M of 
the emitted light M on the surface of the sheei 50 and 
ths line width d M of the emitted light M on the receiving 
surface of the line sensor 20 coincide with each other. 
The size of each of the photoelectric conversion devices 

4ti 2 1 , 2 i , . „ constituting the line sensor 20 and the number 
of the rows of the photoelectric conversion devices 21 , 
21. ... standing side by side along the line width direc- 
tion may be set in accordance with the correspondence 
relationship between the line width d^ of the emitted 

45 light M on tie surface of the sheet 50 and the line width 
d M of the emitted light M on the receiving surface of the 
line sensor 20. 

[0209] Firstly, as illustrated in Figure 4A, in cases 
where the stimulating rays L are converged onto a site 

so Si at the leading 9nd of the sheet 50, as viewed in the 
conveyance direction of the sheet 50 (indicated by the 
arrow Y), the light M having the intensity distribution 
shown in Figure 4A is emitted from the leading end site 
S1 and a neighboring site S2 on the sheet 50 due to the 

55 spread of the stimulating rays L The light quantity of the 
iight M emitted from the site S1 on the sheet 50 is equal 
to Q2. The emitted light M of the iight quantity Q2 is 
received by a photoelectric conversion device 21 . which 
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belongs to a photoelectric conversion device row 20B 
shown in Figure 2 and which corresponds to the site S1 
on the sheet 50. The light quantity of the tight M emitted 
from the site S2 on the sheet 50 is equal to Q3. The 
emitted light M of the light quantity Q3 is received by a 
photoelectric conversion device 21, which belongs to a 
photoelectric conv e r sio n device row 20C and which cor- 
responds to the site S2 on the sheet 50. 
[021 0] The photoelectric conversion device 21 of the 
row 20 B photoetectr ically converts the emitted light M of 
the fight quantity Q2 into an electric charge Q*2 and 
transfers the electric charge Q*2 into the addition means 
31. As illustrated in Figure 5, in accordance with the 
scanning speed of the scanning belt 40, the addition 
means 31 stores information representing the electric 
charge Q'2, which has been received from the photoe- 
lectric conversion device 21 of the row 20B, in a mem- 
ory region corresponding to the she S1 on the sheet 50. 
Also, the photoelectric conversion device 21 of the row 
20C photoelecthcally converts the emitted light M of the 
light quantity Q3 into an electric charge Q*3 and trans- 
fers the electric charge Q3 into the addition means 31. 
The addition means 31 stores the information repre- 
senting the electric charge Q*3 in a memory region cor- 
responding to the site 82 on the sheet 50. 
[0211] Thereafter, as illustrated in Figure 4B, the 
sheet 50 is conveyed, and the stimulating rays U are 
converged onto the site $2 on the sheet 50. in this state, 
as described above, the light M is emitted from the site 
S2 and the neighboring sites S1 and S3 on the sheet 
50. The light M of a light quantity Q4 is emitted from the 
site St , the light M of a light quantity Q5 is emitted from 
the site S2, and the light M of a light quantity 06 is emit- 
ted from the site S3. The emitted light M is received by 
the corresponding photoelectric conversion device 21 of 
the row 20A, the corresponding photoelectric conver- 
sion device 21 of the row 20B, and the corresponding 
photoelectric conversion device 21 of the row 20C. 
[021 2J The photoelectric conversion device 2 1 of the 
row 20A, the photoelectric conversion device 21 of the 
row SOB, and the photoelectric conversion device 21 of 
the row 20C convert the emitted light M into electric 
charges Q'4, Q'5, and Q'6 and transfer them into the 
addition means 31. 

[021 3] In accordance with the scanning speed of the 
scanning belt 40, the addition means 31 stores pieces 
of information representing the electric charges Q'4, 
Q'5, and Q'6, which have been received respectively 
from the photoelectric conversion device 21 of the row 
20 A, the photoelectric conversion device 21 of the row 
20B, and the photoelectric conversion device 21 of the 
row 20C, in memory regions corresponding to the sites 
$1 , $2, and $3 on the sheet 50. In the memory region 
corresponding to the site $1, the value of the electric 
charge Q'4 is added to the previously stored value of the 
electric charge Q'2. Also, in the memory region corre- 
sponding to the site $2, the value of the electric charge 
Q'5 is added to the previously stored value of the elec- 



tric charge Q*3. 

[0214] As illustrated in Figure 4C, the sheet 50 is then 
conveyed, and the stimulating rays L are converged 
onto the site S3 on the sheet 50. In this state, in the 

s same manner as that described above, pieces of infor- 
mation representing electric charges Q7. Q'8, and Q*9. 
which have been received respectively from the photoe- 
lectric conversion device 21 of the row 20A, the photoe- 
lectric conversion device 21 of the row 20B, and the 

10 photoelectric conversion device 21 of the row 20C, are 
stored in the memory regions corresponding to the sites 
S2, S3, and $4 on the sheet 50 and added to the previ- 
ous stored values. 

[0215] The operation described above is iterated at 
15 respective positions of conveyance of the sheet 50. tn 
ftis manner, as illustrated in Figure 5, the total sum of 
the emitted light M having been received at the respec- 
tive positions of conveyance of the sheet 50 is stored in 
the memory region erf the addition means 31 corre- 
20 sponding to each site on the sheet 50. 

[0216] The image signal having thus been stored in 
the memory is fed from the image information reading 
means 30 into an external image processing unit, or the 
like, and utilized for reproducing a visible image for diag- 
25 nosis, or the like. 

[0217] As described above, with the embodiment of 
the first radiation image read-out apparatus in accord- 
ance with the present invention, wherein the photoelec- 
tric conversion devices 21, 21, ... each having a light 
30 receiving width dp (<diu) shorter than the line width om 
of the emitted light M (i.e., the tine width on the light 
receiving surface of each photoelectric conversion 
device) are employed, a desired level of resolution can 
be obtained, and the line sensor 20 as a whole can 
35 receive the emitted light M over approximately the entire 
tine width of the emitted light. Therefore, the light receiv- 
ing efficiency can be enhanced. Also, the addition 
means 31 performs the addition processing on the out- 
puts of the photoelectric conversion devices 21, 21 , ... 
40 constituting the line sensor 20, which outputs have been 
obtained at respective positions of sheet movement per- 
formed by the scanning belt 40 and which outputs cor- 
respond to en identical site on the sheet 50. 
Accordingly, the light collecting efficiency at each site on 
46 the sheet 50 can be enhanced. 

[0218] The first radiation image readout apparatus in 
accordance with the present invention is not limited to 
the embodiment described above and may be embod- 
ied in various other ways. For example, various known 
bo constitutions may be employed as the light source, the 
light guiding optical system between the light source 
and the sheet, the optical systems between the sheet 
and the line sensor, the line sensor, or the addition 
means. Also, the radiation image read-out apparatus 
S5 may further comprise an image processing unit, which 
performs various kinds of signal processing on the 
image signal obtained from the image information react- 
ing means 30, and/or erasing means for appropriately 
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releasing radiation energy remaining on the sheet from 
which the image signal has been detected. 
[0219] As illustrated in Figure 2, the line sensor 20 
employed in this embodiment comprises the plurality of 
the photoelectric conversion devices 21, 21, ... arrayed 
in the matrix-like pattern such that they may stand in a 
straight line along each of the length direction (i.e., the 
major axis direction) of the line sensor 20 and the direc- 
tion (i.e., the minor axis direction) normal to the major 
axis ejection. Howe/er, the line sensor employed in the 
first radiation image read-out apparatus is not limited to 
the constitution shown in Figure 2. For example, as in a 
line sensor 80 illustrated in Figure 7A, the photoelectric 
conversion devices 21, 21 , ... may be arrayed such that 
they may stand in a straight line along the major axis 
direction (indicated by the double-headed arrow X) and 
in a zigzag pattern along the minor axis direction (indi- 
cated by the arrow Y>. As another alternative, as in a 
line sensor 90 illustrated in Figure 7B, the photoelectric 
conversion devices 21 . 21 .... may be arrayed such that 
they may stand in a straight line along the minor axis 
direction and in a zigzag pattern along the major axis 
direction. 

[0220] Also, in the aforesaid embodiment of the first 
radiation image read-out apparatus in accordance with 
the present invention, part of the optical path of the stim- 
ulating rays L and part of the optical path of the emitted 
tight M overlap each other, and the size of the apparatus 
is thereby reduced. Alternatively, for example, as illus- 
trated in Figure 8, the first radiation image read-out 
apparatus in accordance with the present invention may 
be constituted such that the optical path of the stimulat- 
ing rays L and the optical path of the emitted light M may 
not overlap each other. 

[0221 ] Specifically the radiation image read-out appa- 
ratus illustrated in Figure 8 comprises the scanning belt 
40 and the BLD 1 1 for radiating out the linear stimulating 
rays L at an angle of approximately 45 degrees with 
respect to the front surface of the sheet 50. The radia- 
tion image read-out apparatus also comprises the opti- 
cal system 12, which is constituted of a combination of 
a collimator lens for collimating the linear stimulating 
rays L having been radiated out of the BLD 11 and a 
toric lens for expanding the beam only in one direction, 
and which causes the linear stimulating rays L to 
impinge upon the front surface of the sheet 50. The radi- 
ation Image read-out apparatus further comprises the 
SELFOC lens array 16 having an optical axis, which is 
inclined at an angle of approximately 45 degrees with 
respect to the surface of the sheet 50 and which is 
approximately normal to the direction of travel of the 
stimulating rays L The SELFOC lens array 16 con- 
verges the light M, which is emitted by the sheet 50 
when the sheet 50 is exposed to the stimulating rays U 
onto the light receiving surfaces of the photoelectric 
conversion devices 21, 21, ... constituting the line sen- 
sor 20. The radiation image read-out apparatus still fur- 
ther comprises the stimulating ray cut-off filter 17 for 



transmitting only the emitted light M and filtering out the 
stimulating rays L, which are mixed slightly in the emit- 
ted light M impinging upon the SELFOC lens array 16. 
The radiation image read-out apparatus also comprises 

s the line sensor 20, which is constituted of the plurality of 
the photoelectric conversion devices 21, 21, ... for 
receiving the emitted light M having passed through the 
stimulating ray cut-off filter 17 and for photoelectrical^ 
converting the emitted tight M. The radiation image 

ia read-out apparatus further comprises the image infor- 
mation reading means 30. The image information read- 
ing means 30 is provided with the addition means 31 for 
performing addition processing on outputs of the photo- 
electric conversion devices 21, 21, constituting the 

is line sensor 20, which outputs correspond to an identical 
site on the sheet 50. The image information reading 
means 30 feeds out an image signal having been 
obtained from the addition processing. 
[0222] The SELFOC tens array 16 acts such that an 

so image of the emission area of the emitted tight M on the 
sheet 50 is formed in one-to-one size relationship on the 
image surface at the light receiving surfaces of the pho- 
toelectric conversion devices 21 , 21 , ... The optical sys- 
tem 12, which is constituted of the collimator lens and 

25 the toric lens, expands the stimulating rays L, which 
come from the BLD 1 *; into a desired irradiation area on 
the sheet 50. 

[02233 How the embedment of the first radiation 
image read-out apparatus in accordance with the 

30 present invention, which is shown in Figure 8, operates 
wHi be described hereinbelow. 
[0224] Firstly, the scanning belt 40 moves in the direc- 
tion indicated by the arrow Y, and the sheet 50, on which 
the radiation image has been stored and which is sup- 

35 ported on the scanning belt 40, is conveyed in the direc- 
tion indicated by the arrow Y. The conveyance speed of 
the sheet 50 is equal to the movement speed of the 
scanning belt 40. Information representing the move- 
ment speed of the scanning belt 40 is fed into the addi- 

40 tion means 31. 

[0225] Jhe BLD 1 1 radiates out the stimulating rays L 
having a linear pattern with a tine width of approximately 
100iim. The stimulating rays L are radiated out at an 
angle of approximately 45 degrees with respect to the 

45 front surface of the sheet 50. The stimulating rays L are 
collimated by the optical system 12, which is constituted 
of the collimator lens and the toric tens and is located in 
the optical path of the stimulating rays L The collimated 
stimulating rays L impinge upon the front surface of the 

so sheet 50 at an angle of approximately 45 degrees with 
respect to the front surface of the sheet 50. At this time, 
the stimulating rays L impinge upon the linear area (hav- 
ing a line width d L of approximately 100nm) on the front 
surface of the sheet 50, which linear area extends in the 

55 direction indicated by the arrow X. 

[0226] The linear stimulating rays L impinging upon 
the sheet 50 stimulate the stimulable phosphor at the 
exposed area (having a line width d^ of approximately 
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100 jim). The stimulating rays L also enter into the sheet 
50 from the exposed area, are scattered to the areas 
neighboring with the exposed area, and stimulate the 
stimulable phosphor at the neighboring areas. In this 
manner, the stimulable phosphor at the area (having a 
tine width d^) containing the exposed area and the 
neighboring areas is stimulated. As a result the light M 
carrying the image information stored on the sheet 50 is 
emitted from the area (having a line width d M ) contain- 
ing the exposed area and the neighboring areas. The 
emitted light M passes through the stimulating ray cut- 
off fitter 1 7, which filters out the stimulating rays L mixed 
in the emitted light M. The emitted light M then impinges 
upon the SELFOC lens array 16 and is converged otto 
each of the light receiving surfaces of the photoelectric 
conversion devices 21, 21, ... constituting the line sen- 
sor 20. 

[0227] The operation performed after the emitted light 
M is received by the line sensor 20 is the same as that 
in the aforesaid embodiment of the first radiation image 
read-out apparatus in accordance with the present 
invention. 

[0228] As described above, with the embodiment of 
Figure 8, wherein the photoelectric conversion devices 
21, 21, ... each having a light receiving width dp (<d w ) 
shorter than the line width du of the emitted light M (i.e., 
the line width on the light receiving surface of each pho- 
toelectric conversion device) are employed, a desired 
level of resolution can be obtained, and the line sensor 
20 as a whole can receive the emitted light M over 
approximately the entire line width of the emitted light 
Therefore, the light receiving efficiency can be 
enhanced. Also, the addition means 31 performs the 
addition processing on the outputs of the photoelectric 
conversion devices 21, 21 , ... constituting the tine sen- 
sor 20, which outputs have been obtained at respective 
positions of sheet movement performed by the scanning 
belt 40 and which outputs correspond to an identical site 
on the sheet 50. Accordingly the light collecting effi- 
ciency at each site on the sheet 50 can be enhanced. 
[0229] In the aforesaid embodiments of the first radia- 
tion image read-out apparatus in accordance with the 
present invention, the BLD 1 1 for producing the stimu- 
lating rays L and the line sensor 20 are located on the 
same surface side of the sheet 50, and tie emitted light 
M emanating from the surface of the sheet 50, upon 
which the stimulating rays L impinge, is received by the 
line sensor 20. However, the first radiation image read- 
out apparatus in accordance with the present invention 
is not limited to the aforesaid embodiments. For exam- 
ple, as illustrated in Figure 9, a stimulable phosphor 
sheet 50' whose substrate is formed from a material 
permeable to the emitted light M may be employed, and 
the BLD 1 1 for producing the stimulating rays L and the 
line sensor 20 may be located on opposite surface sides 
of the sheet 50*. In this manner, the emitted light M ema- 
nating from the surface opposite to the surface of the 
sheet 50', upon which the stimulating rays L impinge, 
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may be received by the line sensor 20. 
[0230] Specifically, the radiation image read-out appa- 
ratus illustrated in Figure 9 comprises a conveyor belt 
40' for supporting the leading end portion and the tail 
end portion of the stimulable phosphor sheet 50' and 
conveying the sheet 50' in the direction indicated by the 
arrow Y (No image information is stored at foe leading 
end portion and the tail end portion of the sheet 50', or 
image information representing a region other than a 
region of interest in the radiation image is stored at the 
leading end portion and the tail end portion of the sheet 
50'.) The radiation image read-out apparatus also com- 
prises the BLD 1 1 for radiating out the linear stimulating 
rays L along the direction approximately normal to the 
front surface of the sheet 50'. The radiation image read- 
out apparatus further comprises the optical system 12, 
which is constituted of a combination of a collimator lens 
for estimating the linear stimulating rays L having been 
radiated out of the BLD 1 1 and a toric lens for expanding 
the beam only in one direction, and which causes the 
linear stimulating rays I to impinge upon the front sur- 
face of the sheet 50'. The radiation image read-out 
apparatus still further comprises the SELFOC lens array 
16 having an optical axis, which is approximately nor- 
mal to the front surface of the sheet 50'. The SELFOC 
lens array 16 converges light M', which is emitted from 
the back surface of the sheet 50* when the sheet 50' is 
exposed to the stimulating rays L (i.e., the surface oppo- 
site to the surface on the stimulating ray incidence side), 
onto the light receiving surfaces of the photoelectric 
conversion devices 21 , 21, ... constituting the line sen- 
sor 20. The radiation image read-out apparatus also 
comprises the stimulating ray cut-off filter 17 for trans- 
mitting only the emitted light M' and filtering out the stim- 
ulating rays L, which are mixed slightly in the emitted 
light M' impinging upon the SELFOC lens array 16. The 
radiation image read-out apparatus further comprises 
the line sensor 20, which is constituted of the plurality of 
the photoelectric conversion devices 21, 21, ... for 
receiving tie emitted light M' having passed through the 
stimulating ray cut-off filter 17 and for photoelectrical^ 
converting the emitted Hght M\ The radiation image 
read-out apparatus still further comprises the image 
information reading means 30. The image information 
reading means 30 is provided with the addition means 
31 for performing addition processing on outputs of the 
photoelectric conversion devices 21 , 21 , ... constituting 
the line sensor 20, which outputs correspond to an iden- 
tical site on the sheet 50'. The image information read- 
ing means 30 feeds out an image signal having been 
obtained from the addition processing. 
[0231] The SELFOC lens array 16 acts such that an 
image of the emission area of the emitted light M* on the 
back surface of the sheet 50' is formed in one-to-one 
size relationship on the image surface at the light 
receiving surfaces of tie photoelectric conversion 
devices 21, 21, ... The optical system 12, which is con- 
stituted of the collimator lens and the toric lens, expands 
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the stimulating rays U which come from the BID 1 1 , into 
a desired irradiation area on the sheet 50*. 
[0232] How the embodiment of the first radiation 
image read-out apparatus in accordance with the 
present invention, which is shown in Figure 9, operates 
will be described hereinbeJow. 
[0233] Firstly, the conveyor belt 40* moves in the direc- 
tion indicated by the arrow Y, and the sheet 50', on 
which the radiation image has been stored and which is 
supported by the conveyor belt 40', is conveyed in the 
direction indicated by the arrow Y The conveyance 
speed of the sheet 50* is equal to the movement speed 
of the conveyor belt 40\ Information representing the 
movement speed of the conveyor belt 40* is fed into the 
addition means 31. 

[0234] The BID 11 radiates out the stimulating rays L 
having a linear pattern with a line width of approximately 
100um. The stimulating rays L are radiated out in the 
direction approximately normal to the front surface of 
the sheet 50*. The stimulating rays L are cotlimated by 
the optical system 12, which is constituted of the colli- 
mator lens and the tone lens and is located in the optical 
path of the stimulating rays L. The collimated stimulating 
rays L impinge upon the front surface of the sheet 50' 
from the direction approximately normal to the front sur- 
face of the sheet 50'. At this time, the stimulating rays L 
Impinge upon the linear area (having a line width d|_ of 
approximately lOOum) on the front surface of the sheet 
50', which linear area extends in the direction indicated 
by the arrow X. 

[0235] The linear stimulating rays L Impinging upon 
the sheet 50' stimulate the stimulate phosphor at the 
exposed area (having a line width d L of approximately 
1 0Oum). The stimulating rays L also enter into the sheet 
50' from the exposed area, are scattered to the areas 
neighboring with the exposed area, and stimulate the 
stimulable phosphor at the neighboring areas. In this 
manner, the stimulable phosphor at the area (having a 
line width d^ containing the exposed area and the 
neighboring areas is stimulated. As a result, the light M 
carrying the image information stored on the sheet 50' is 
emitted from the area (having a line width d^ contain- 
ing the exposed area and the neighboring areas. At the 
same time, the emitted light M' having passed through 
the transparent substrate of the sheet 50* emanates 
from a linear area (having a line width d M *) of the back 
surface of the sheet 50*. 

[0236] The emitted light M', which emanates from the 
linear area (having a line width d M *) of the back surface 
of the sheet 50', passes through the stimulating ray cut- 
off filter 1 7, which filters outthe stimulating rays L mixed 
in the emitted light M\ The emitted light M' then 
impinges upon the SELFOC lens array 16 and is con- 
verged onto each of the light receiving surfaces of the 
photoelectric conversion devices 21, 21, ... constituting 
the line sensor 20. 

[0237] The operation performed after the emitted light 
M' is received by the line sensor 20 is the same as that 



in the aforesaid embodiment of the first radiation image 
read-out apparatus in accordance with the present 
invention. 

[0238] As described above, with the embodiment of 
s Figure 9. wherein the photoelectric conversion devices 
21, 21, ... each having a light receiving width d P (<xi^) 
shorter than the line width d M ' of the emitted light M on 
the back surface of the sheet 50* (i.e., the line width on 
the light receiving surface of each photoelectric conver- 
ge si on device) are employed, a desired level of resolution 
can be obtained, and the line sensor 20 as a whole can 
receive the emitted light M' over approximately the 
entire tine width of the emitted light. Therefore, the light 
receiving efficiency can be enhanced. Also, the addition 
is means 31 performs the addition processing on the out- 
puts of the photoelectric conversion devices 21 , 21, ... 
constituting the line sensor 20, which outputs have been 
obtained at respective positions of sheet movement per- 
formed by the conveyor belt 40' and which outputs cor- 
20 respond to an identical site on the sheet 50'. 
Accordingly, the tight collecting efficiency at each site on 
the sheet 50' can be enhanced. 
[0239] In lieu of the addition means, one of other kinds 
of operation means may be provided. Also, simple addi- 
25 tron processing, weighted addition processing, or one of 
various other kinds of operation processing may be 
employed. 

[0240] The line sensor 20 employed in each of the 
aforesaid embodiments of the first radiation image read- 
so out apparatus in accordance with the present invention 
Is illustrated as being one which is produced as a long 
line sensor having a length corresponding to the width 
of the stimulable phosphor sheet with a single produc- 
tion process. Currently, it is not impossWe but is not 
& easy to produce the long line sensor as a single mem- 
ber due to limitation upon the current CCD production 
techniques, such as pixel shift Figures 10A through 101 
show a technique tor solving the technical problems 
described above. With the technique shown in Figures 
40 1 0A through 101, a plurality of CCD image sensor chips, 
each of which is smaller than the width of the stimulable 
phosphor sheet are utilized. The plurality of the CCD 
image sensor chips are arrayed along the length direc- 
tion of the linear area of the stimulable phosphor sheet, 
45 i.e. ( along the major axis direction (indicated by the 
arrow X), such that they may have a total length corre- 
sponding to the width of the stimulable phosphor sheet. 
In this manner, a single CCD line sensor is constituted. 
Figure 10A shows a CCD line sensor 420 comprising a 
bo plurality of CCD image sensor chips 422, 422, ... 
arrayed in a straight line along the major axis direction 
(indicated by the arrow X). Figure 106 shows a CCD 
line sensor 430 comprising a plurality of CCD image 
sensor chips 422, 422, ... arrayed in a zigzag pattern 
65 along the major axis direction (indicated by the arrow 
X), such that adjacent CCD image sensor chips 422, 
422 do not overlap each other. Figure 10C shows a 
CCD line sensor 440 comprising a plurality of CCD 
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image sensor chips 422, 422, ... arrayed in a zigzag pat- 
tern along the major axis direction (indicated by the 
arrow X), such that adjacent CCD image sensor chips 
422, 422 partly overlap each other. In Figures 10B and 
1 OC, at free regions indicated by the mark, which are s 
not occupied by the CCD image sensor chips 422, 422, 
electric circuits for pixel shift compensation and other 
elements can be located. 

[0241 ] Figures 1 0D, 10E, and 1 0F show examples of 
array patterns of the photoelectric conversion devices 10 
21, 21, ... constituting each of the CCD image sensor 
chips 422, 422, ... The CCD image sensor chip 422 
shown in Figure 10D employs the array pattern in the 
line sensor 20 shown in Figure 2. In the CCD image 
sensor chip 422 shown in Figure 1 0D, a plurality of rows is 
of the photoelectric conversion devices 21, 21, ... are 
located in parallel. Specifically, in the CCD image sen- 
sor chip 422 shown in Figure 10D, the photoelectric 
conversion devices 21, 21, ... are arrayed along the 
direction indicated by the arrow X and thus constitute so 
one row. A plurality of (in this case, three) such rows of 
the photoelectric conversion devices 21, 21, ... extend- 
ing along the direction indicated by the arrow X stand 
side by side in the direction of sheet conveyance (indi- 
cated by the arrow Y). The CCD image sensor chip 422 2s 
shown in Figure 10E employs the array pattern in the 
line sensor 60 shown in Figure 7 A, Specifically, in the 
CCD image sensor chip 422 6hown in Figure 10E, the 
photoelectric conversion devices 21. 21, ... are arrayed 
in a straight line along the major axis direction (indicated so 
by the arrow X) and in a zigzag pattern along the minor 
axis direction (indicated by the arrow Y). The CCD 
image sensor chip 422 shown in Figure 10F employs 
the array pattern in the line sensor 90 shown in Figure 
7B. Specifically, in the CCD image sensor chip 422 35 
shown in Figure 10F, the photoelectric conversion 
devices 21, 21 , ... are arrayed in a straight line along the 
minor axis direction (indicated by the arrow Y) and in a 
zigzag pattern along the major axis direction (indicated 
by the arrow X). By way of example, in cases where the 40 
number of the photoelectric conversion devices 21, 21, 
... arrayed in each row along the major axis direction 
(indicated by the arrow X) in the line sensor 420, 430, or 
440 Is equal to 1,000, the number of the photoelectric 
conversion devices 21, 21, ... arrayed along the major ds 
axis Direction (indicated by the arrow X) in one CCD 
image sensor chip 422 may fall within the range of 1/1 00 
to 1/10. 

[0242] The CCD image sensor chips 422, 422, ... con- 
stituting each of the line sensors 420, 430, and 440 so 
shown in Figures 10A, 10B, and 10C may take one of 
array patterns shown in Figures 10D, 10E, and 10F. 
Also, in the line sensors 420, 430, and 440 shown in 
Figures 10A, 10B, and 10C, the CCD image sensor 
chips 422, 422, ... are arrayed such that the length ss 
direction (indicated by the arrow X) of each CCD image 
sensor chip 422 may coincide with the length direction 
(indicated by the arrow X) of the line sensor. Alterna- 
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tivety, as in line sensors 450, 460, and 470 illustrated in 
Figures 10Q, 10H, and 101, the CCD image sensor 
chips 422, 422, ... may be arrayed such that the width 
direction (indcated by the arrow Y) of each CCD image 
sensor chip 422 may coincide with the length direction 
(indicated by the arrow X) of the line sensor. With the 
line sensors shown in Figures 10A, 10B, 10C, 10Q, 
10H, and 101, in accordance with the array patterns of 
the CCD image sensor chips 422, 422, .... the same 
effects as those of the line sensors 20, BO, and 90 
shown in Figures 2, 7A> and 7B can be obtained. 
[0243] With the technique described above, wherein 
one CCD line sensor is constituted by arraying plurality 
of the CCD image sensor chips along the major axis 
direction (indicated by the arrow X) such that they may 
have a total length corresponcGng to the width of the 
stimuiable phosphor sheet, the line sensor can be pro- 
duced with a simple production process, the yield of the 
products in the production process can be enhanced, 
and the cost can be kept low. 
[0244] Further, signal components can be taken from 
each of the CCD image sensor chips, and therefore 
compensation for pixel shift can be performed more 
easily than when the entire line sensor is produced as a 
single member. Particularly; as illustrated in Figure 10C, 
in cases where the CCD image sensor chips 422, 422, 
... are arrayed in a zigzag pattern such that adjacent 
CCD image sensor chips 422, 422 partly overlap each 
other, the compensation for pixel shift becomes more 
easy by the utilization of data at the overlapping por- 
tions. 

[0245] In cases where a plurality of CCD image sen- 
sor chips are arrayed along the major axis direction 
(indicated by the arrow X), the arraying should prefera- 
bly be performed such that no insensible zone may 
occur at joints. If such arraying is difficult to perform, 
processing for compensation for the insensible zone 
should preferably be performed on the image signal 
such that the joints may be connected smoothly in the 
reproduced Image. 

[0246] The technique for arraying a plurality of the 
CCD image sensor chips along the major axis direction 
(indicated by the arrow X) such that they may have a 
total length corresponding to the width of the stimuiable 
phosphor sheet is also applicable when an amorphous 
silicon sensor or a MOS Image sensor is utilized as the 
line sensor. 

[0247] As will be described later, the stimuiable phos- 
phor sheet may be a stimuiable phosphor sheet for 
energy subtraction processing, which stores two radia- 
tion images of a single object formed with radiation hav- 
ing different energy distributions, the stimuiable 
phosphor sheet being capable of emitting right which 
carries information of one of the two radiation images, 
from a front surface, and emitting tight which carries 
information of the other raotation image, from a back 
surface. Also, two tine sensors may be utilized, each of 
which is located on one of the front and back surface 
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sides of the stimulate phosphor sheet, the too line sen- 
sors detecting two image signals, each of which is made 
up of a series of image signal components representing 
pixels in the radiation image, from the from and back 
surfaces of the stimulabte phosphor sheet. Further, the 5 
apparatus may be provided with reading means for per- 
forming a subtraction process on image signal compo- 
nents of the two image signals, which image signal 
components represent corresponding pixels on the front 
and back surfaces of the stimulabte phosphor sheet. In w 
such cases, as each of the two line sensors located on 
opposite surface sides of the 6timulable phosphor 
sheet, a line sensor, which is constituted in the manner 
described above by arraying plurality of the sensor 
chips along the length direction of the linear area of the 75 
stimulate phosphor sheet such that they may have a 
total length corresponding to the width of the stimulable 
phosphor sheet, may be utilized. 
[0248] As the stimulable phosphor sheet for energy 
subtraction processing, it is possible to employ an ani- 20 



bte phosphor sheet, wherein the light emission region of 
the stimulable phosphor sheet is partitioned by a stimu- 
lating ray reflecting partition member, which extends in 
the thickness direction of the stimulable phosphor zs 
sheet into a plurality of fine cells. 
[0249] An embodiment of the second radiation image 
read-out apparatus in accordance with the present 
invention will be described hereinbelow. 
[0250] Figure 1 1 A is a perspective view shewing an 30 
embodiment of the second radiation image read-out 
apparatus in accordance with the present invention. Fig- 
ure 11B is a sectional view taken on line I-l of Figure 
11 A. Figure 12 is an explanatory view showing a line 
sensor in the embodiment of Figure 1 1 A. 35 
[0251] With reference to Figures 11 A and 11B, the 
radiation image readout apparatus comprises the 
scanning bett 40 for supporting the sheet 50, on which a 
radiation image has been stored, and conveying the 
sheet 50 in the direction indicated by the arrow Y. The 40 
radiation image read-out apparatus also comprises a 
broad area semiconductor laser (hereinbelow referred 
to as the BLD) 1 1 for radiating out a linear laser beam L 
having a linear pattern with a Gne width of approximately 
lOOjim and having wavelengths falling within the range 46 
of 600nm to 700nm. The laser beam L is radiated out 
approximately in parallel with the front surface of the 
sheet 50. The radiation image read-out apparatus fur- 
ther comprises the optical system 12, which is consti- 
tuted of a combination of a collimator lens for collimating so 
the linear laser beam L having been radiated out of the 
BLD 1 1 and a toric lens for expanding the beam only in 
one direction. Trie radiation image read-out apparatus 
still further comprises the cfichroic mirror 14, which is 
located at an angle of 45 degrees with respect to the 65 
front surface of the sheet 50 and which is set so as to 
reflect the laser beam L and to transmit emitted tight M 
described later. The radiation image read-out apparatus- 



aiso comprises the first SELFOC lens array 1 5. The test 
SELFOC lens array 1 5 converges the linear laser beam 
L, which has been reflected from the oTchrofc mirror 14, 
into a linear beam (having a line width of approximately 
lOO^m) extending along the direction indicated by the 
arrow X on the sheet 50. Also, the first SELFOC lens 
array 15 collimates the emitted M, which is emitted by 
the sheet 50 exposed to the Hnear laser beam L and 
which carries image information of the radiation image 
stored on the sheet 50. The radiation image read-out 
apparatus further comprises the second SELFOC lens 
array 16 for converging the emitted light M, which has 
been coliimated by the first SELFOC lens array 15 and 
has then passed through the dichroic mirror 14, onto 
fight receiving surfaces of photoelectric conversion 
devices 21 , 21 , ... constituting a line sensor 120, which 
will be described later. The radiation image read-out 
apparatus still further comprises the stimulating ray cut- 
off filter 1 7 for transmitting only the emitted tight M and 
filtering out the laser beam U which has been reflected 
from the front surface of the sh^et 50 and which is 
mixed slightly in the emitted light M having passed 
through the second SELFOC lens array 16. The racfia- 
tion image read-out apparatus also comprises the line 
sensor 120, which is constituted of a plurality of photoe- 
lectric conversion devices 21, 21, ... for receiving the 
emitted light M having passed through the stimulating 
ray cut-off filter 17 and for photoelectrical ty converting 
the emitted light M. The radiation image read-out appa- 
ratus further comprises image Information reading 
means 130. The image information reading means 130 
reads outputs of the photoelectric conversion devices 
21, 21, ... constituting the line sensor 120 and feeds out 
an Image signal, which is made up of the outputs, into 
an image processing unit, or the like. 
[0252] The first SELFOC tens array 1 5 acts such that 
an image of the emission area of the emitted light M on 
the sheet 50 is formed in one-to-one size relationship on 
the image surface at the dichroic mirror 14. The second 
SELFOC lens array 1 6 ads such that an Image of the 
emitted light M on the dichroic mirror 14 is formed in 
one-to-one size relationship on the (mage surface at the 
light receiving surfaces of the photoelectric conversion 
devices 21 ,21, ... 

[0253] The optical system 12, which is constituted of 
the collimator lens and the toric lens, expands the laser 
beam L which comes from the BLD 1 1 , into a desired 
irradiation area on the dichroic mirror 14. 
[0254] As illustrated In Figure 12, the line sensor 120 
comprises a plurality of (e.g., at least 1 ,000 pieces of) 
photoelectric conversion devices 21, 21, ... arrayed 
along the direction indicated by the double-headed 
arrow X. Each of the photoelectric conversion devices 
21, 21, ... constituting the line sensor 120 has the light 
receiving surface having a size of approximately 
100umx100um. The size of each light receiving surface 
is the size capable of receiving the emitted light M 
occurring from part having a size of approximately 
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100umxio0nm on the surface of the sheet 50. As the 
photoelectric conversion devices 21, 21, .... amorphous 
silicon sensors, CCD image sensors. MOS image sen- 
sors, or the like, may be employed. 
[0255] How this embodiment of the second radiation 
image read-out apparatus in accordance with the 
present invention operates will be described hereinbe- 
low. 

[0256] Firstly, the scanning beH 40 moves in the direc- 
tion indicated by the arrow Y, and the sheet 50, on which 
the radiation image has been stored and which is sup- 
ported on the scanning belt 40, is conveyed in the direc- 
tion indicated by the arrow Y. The conveyance speed of 
the sheet 50 is equal to the movement speed of the 
scanning bert 40. Information representing the move- 
ment speed of the scanning beH 40 is fed into the image 
information reading means 130. 
[0257] The BLD 1 1 radiates out the laser beam L hav- 
ing a linear pattern with a line width of approximatety 
100um. The laser beam L is radiated out approximately 
in parallel with the front surface of the sheet 50. The 
laser beam L is collimated by the optical system 12, 
which is constituted of the collimator lens and the toric 
lens and is located in the optical path of the laser beam 
L The collimated laser beam L is reflected from the 
dichroic mirror 14 to the direction that Impinges perpen- 
dicularly upon the front surface of the sheet 50. The 
reflected laser beam L is converged by the first 
SELFOC lens array 15 into a linear beam (having a line 
width d L of approximately 100um) extending along the 
direction indicated by the arrow X on the sheet 50. 
[0258] The laser beam L impinging upon the sheet 50 
is coherent tight and is advantageous over the fluores- 
cence produced by a fluorescent lamp and light radiated 
out from an LED array in that the directivity of the stimu- 
lating rays is high, the intensity of the stimulating rays is 
high, and therefore high stimulation energy can be 
imparted to the stimulable phosphor sheet Accordingly, 
the laser beam L can sufficiently stimulate the stimula- 
ble phosphor at the exposed area (having a line width d L 
of approximately 100um). As a result, the light M of high 
intensity carrying the image information stored on the 
sheet 50 is emitted by the stimulable phosphor at the 
exposed area. 

[0259] The light M emitted by the sheet 50 is colli- 
mated by the first SELFOC lens array 15, passes 
through the dichroic mirror 14, and is converged by the 
second SELFOC lens array 16 onto each of the light 
receiving surfaces of the photoelectric conversion 
devices 21, 21, ... constituting the line sensor 120. At 
this time, the laser beam L, which has been reflected 
from the front surface of the sheet 50 and is mixed 
slightly in the emitted light M having passed through the 
second SELFOC lens array 16, is filtered out by the 
Stimulating ray cut-off filter 17. 
[0260] The emitted light M having passed through the 
stimulating ray cut-off filter 1 7 is received by the photo- 
electric conversion devices 21, 21, ... constituting the 



line sensor 1 20 and photoeiectrically converted into sig- 
nal components Q, Q, ... The signal components Q, Q, 
... are fed into the image information reading means 130 
and fed out into the image processing unit, or the like, 
5 such that rt may be clear which signal componentQ cor- 
responds to which position on the sheet 50 correspond- 
ing to the amount of displacement of the scanning belt 
40. 

[0261 ] An image signal S made up of the signal com- 
10 ponents Q, Q, ... is the one obtained from the emitted 
light M caused to occur by being stimulated by the laser 
beam L having high stimulation energy. Therefore, an 
image having a higher signal-to-noise ratio can be 
obtained than with an image signal obtained from the 
is fluorescence produced by a fluorescent lamp or light 
radiated out from an LEO array. 
[0262] The apparatus may further comprises monitor- 
ing means 65 (shown in Figure 11 A) for monitoring the 
intensity of the laser beam L radiated out of the BLD 1 1 , 
20 and BLD modulating means 75 for modulating the BLD 
1 1 in accordance with the resurts of the monitoring with 
the monitoring means 65 such that the power of the 
BLD 11 may become equal to a predetermined value. 
When fluctuation in intensity of the laser beam L radi- 
os ated out of the BLD 1 1 is detected* the BLD 1 1 may be 
modulated by the 6LD modulating means 75 such that 
the intensity of the laser beam L may become equal to a 
predetermined value. 

[0263] Different embodiments of the second radiation 
30 image read-out apparatus in accordance with the 
present invention may be constituted in the same man- 
ner as that In the embodiments of the first radiation 
image read-out apparatus in accordance with the 
present invention, which are described above with refer- 
as ence to Rgures 1 A, 1 B through Figure 9. 

[0264] In such different embodiments of the second 
radiation image read-out apparatus in accordance with 
the present invention, the laser beam L impinging upon 
the sheet 50 is coherent light and is advantageous over 
40 the fluorescence produced by a fluorescent lamp and 
light radiated out from an LED array in that the directivity 
of the stimulating rays is high, the intensity of the stimu- 
lating rays is high, and therefore high stimulation energy 
can be imparted to the stimulable phosphor sheet. 
45 Accordingly, the laser beam L can sufficiently stimulate 
the stimulable phosphor at the exposed area (having a 
line width d L of approximately 100^m). As a result the 
light M of high intensity carrying the image information 
stored on the sheet 50 is emitted by the stimulable 
so phosphor at the exposed area. 

[0265] As described above, in such different embodi- 
ments of the second radiation Image read-out appara- 
tus in accordance with the present invention, the Image 
signal S made up of the signal components Q, Q, ... is 
55 the one obtained from the emitted light M caused to 
occur by being stimulated by the laser beam L having 
high stimulation energy. Therefore, an image having a 
higher signal-to- noise ratio can be obtained than with an 
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image signal obtained from the fluorescence produced 
by a fluorescent lamp or light radiated out from an LED 
array. 

[0266] The embodiment of the second radiation Image 
read-out apparatus in accordance with the present 
invention, which is described above with reference to 
Figures 11A, 11B and Figure 12, embraces an embodi- 
ment of the third radiation image read -out apparatus in 
accordance with the present invention. 
[0267] "The embodiment of the third radiation image 
read-out apparatus in accordance with the present 
invention may be modified such that, as illustrated in 
Figure 14, In lieu of the first SELFOC lens array 15 and 
the second SELFOC lens array 1 6 shown in Figure 1 1 B, 
a single SELFOC lens array 16* may be employed. The 
SELFOC lens array 16' acts such that an image of the 
emission area of the emitted light M on the sheet 50 is 
formed in one-to-one size relationship on the light 
receiving surfaces of the photoelectric conversion 
devices 21,21,... 

[0268] The optical system 1 2, which Is constituted of 
the collimator lens and the toric lens, expands the laser 
beam L, which come from the BLD 11, into a desired 
irradiation area on the dichroic mirror (hot mirror) 14. 
The optical system 12 is not limited to the combination 
of the collimator lens and the toric lens and may be con- 
stituted of a cylindrical lens, or the like, or one of other 
combinations, which can expand the laser beam L into 
a desired irracfiation area on the hot mirror 14. 
[0269] The hot mirror 14 acts as the stimulating ray 
guiding means for guiding the laser beam L, which 
serves as the stimulating rays, to the sheet 50, and as 
the emitted light guiding means for guiding the emitted 
light M to the line sensor 120. The hot mirror 14 is 
located such that the optical path of the laser beam L 
having been reflected by the hot mirror 14 and the opti- 
cal path of the emitted light M overlap each other. 
[WTO] As described above, in the embodiments of the 
third radiation image read-out apparatus in accordance 
with the present Invention, the hot mirror 1 4 and the first 
SELFOC lens array 1 5 are located such that part of the 
optical path of the laser beam L and part of the optical 
path of the emitted light M overlap each other. There- 
fore, the spaces occupied by the laser beam L and the 
emitted light M can be reduced, and the size of the 
apparatus can be kept smaller than a conventional radi- 
ation image read-out apparatus wherein the optical path 
of the laser beam L and the optical path of the emitted 
light M do not overlap each other. 
[0271] Embodiments of the fourth radiation image 
read-out apparatus In accordance with the present 
invention are constituted in the same manner as that 
described above with reference to Figures 1A, 1B 
through Figures 7A, 7B. 

[0272] In such cases, the dichroic mirror (hot mirror) 
1 4 shown in Figure 1 B acts as the stimulating ray guid- 
ing means for guiding the laser beam L, which serves as 
the stimulating rays, to the sheet 50, and as the emitted 



light gukflng means for guiding the emitted light M to the 
line sensor 20. The hot mirror 1 4 is located such that the 
optical path of the laser beam L having been reflected 
by the hot mirror 14 and the optical path of the emitted 

5 light M overlap each other. 

[0273] M describe abov^ in the embcxdimerits erf the 
fourth radiation image read-out apparatus In accord- 
ance with the present invention, the hot mirror 14 and 
the first SELFOC lens array 15 are located such that 

io part of the optical path of the laser beam L and part of 
the optical path of the emitted light M overlap each 
other. Therefore, the spaces occupied by the laser 
beam Land the emitted tight M can be reduced, and the 
size of the apparatus can be kept smaller than the con- 

is ventional radiation image read-out apparatus wherein 
the optica} path of the laser beam L and the optical path 
of the emitted light M do not overlap each other. 
[0274] In the aforesaid embodiments of the third and 
fourth radiation image read-out apparatuses in accord- 

eo ance with the present invention, the hot mirror is utilized 
such that part of the optical path of the laser beam L and 
part of the optical path of the emitted light M overlap 
each other. Alternatively, as illustrated in Figure 13, a 
cold mirror 14' for transmitting only the laser beam L and 

2B reflecting the emitted light M may be utilized such that 
part of the optical path' of the laser beam L and part of 
the optical path of the emitted light M overlap each 
other. 

[0275] Specifically, the radiation image read-out appa- 

30 ratus illustrated in Figure 13 comprises the scanning 
belt 40, and the BLD It tor radiating out a linear laser 
beam L in the direction approximately normal to the 
front surface of the sheet 50. The radiation image read- 
out apparatus also comprises the optical system 12, 

35 which is constituted of a combination of a collimator lens 
tor coltimating the linear laser beam L having been radi- 
ated out of the BLD 1 1 and a toric lens for expanding the 
beam only in one direction, and which causes the linear 
laser beam L to impinge upon the front surface of the 

40 sheet 50. The radiation Image read-out apparatus fur- 
ther comprises the cold mirror 1 4', which is located at an 
angle of 45 degrees with respect to the front surface of 
the sheet SO and which is set so as to transmit the laser 
beam L and to reflect emitted light M. The radiation 

45 Image read-out apparatus still further comprises the first 
SELFOC lens array 15. The first SELFOC lens array 15 
converges the linear laser beam L, which has passed 
through the cold mirror H\ into a linear beam (having a 
line width of approximately 1 OOfim) extending along the 

so direction indicated by the arrow X on the sheet 50. Also, 
the first SELFOC lens array 15 coiltmates the emitted 
M, which is emitted by the sheet 50 exposed to the lin- 
ear laser beam L and which carries image information of 
the radiation image stored on the sheet 50. The radia- 

ss ton image read-out apparatus also comprises the sec- 
ond SELFOC lens array 16 for converging the emitted 
light M, which has been coliimated by the first SELFOC 
lens array 15 and has then been reflected from the cold 
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mirror 14\ onto the light receiving surfaces of the photo- 
electric conversion devices 21, 21, ... constituting the 
line sensor 120. The radiation image read-out appara- 
tus further comprises the stimulating ray cut-off filter 1 7 
tor transmitting only the emitted light M end filtering out 5 
the laser beam L, which has been reflected from the 
front surface of the sheet 50 and which is mixed slightly 
in the emitted light M having passed through the second 
SELFOC lens array 16. The radiation image read-out 
apparatus still further comprises the line sensor 120, 10 
which is constituted of the plurality of the photoelectric 
conversion devices 21 , 21. ... for receiving the emitted 
light M having passed through the stimulating ray cut-off 
filter 17 and for photoelectricaHy converting the emitted 
light M. The radiation image read-out apparatus also is 
comprises the image Information reading means 130. 
The image information reading means 130 reads out- 
puts of the photoelectric conversion devices 21. 21, ... 
constituting the line sensor 120 and feeds out an image 
signal, which is made of the outputs, into an image so 
processing unit or the like. 

[0276] The third and fourth radiation image read-out 
apparatuses in accordance with the present invention 
are not limited to the embodiments utilizing the hot mir- 
ror or the cow mirror descrfoed above, and may be as 
embodied in various other ways such that part of the 
optical path of the laser beam L and part of the optical 
path of the emitted light M overlap each other. 
[0277] Embodiments of the fifth and sixth radiation 
image read-out apparatuses in accordance with the so 
present invention will be described hereinbelow, 
[0278] Figure 15A Is a perspective view showing an 
embodiment of the fifth radiation image read-out appa- 
ratus in accordance with the present invention. Figure 
15B is a sectional view taken on line l-l of Figure 15A. 36 
Fi^re 16 is an explanatory view showing a line sensor 
in the embodiment of Figure 15A. Figure 17A is a per- 
spective view showing a stimulable phosphor sheet in 
the embodiment of Figure 15A. Figures 17B and 17C 
are sectional views showing examples of structures of 40 
the sti mulable phosphor sheet shown in Figure 17A. 
[0279] With reference to Figures 15A and 15B, the 
radiation image read-out apparatus comprises the 
scanning belt 40 for supporting a stimulable phosphor 
sheet (hereinbelow referred to simply as the sheet) 1 50. 4s 
on which a radiation image has been stored, and con- 
veying the sheet 150 in the direction indicated by the 
arrow Y The radiation image read-out apparatus also 
comprises the broad area laser (hereinbelow referred to 
as the BID) 1 1 for radiating out secondary stimulating so 
rays (hereinbelow referred to simply as the stimulating 
rays) L having a linear pattern with a line width of 
approximately 100pm. The stimulating rays L are radi- 
ated out approximately in parallel with the front surface 
of the sheet 150. The radiation image read-out appara- ss 
tus further comprises the optical system 12, which is 
constituted of a combination of a collimator lens tor col- 
limating the linear stimulating rays L having been radi- 
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filed out of the BLD11 andatorlclensforexpancfingthe 
beam only in one direction. The radiation image read- 
out apparatus still further comprises the dichroic mirror 
14, which is located at an angle of 45 degrees with 
respect to the front surface of the sheet 150 and which 
is set so as to reflect the stimulating rays Land to trans- 
mit emitted light M described later. The nidation image 
read-out apparatus also comprises the first SELFOC 
tens array 15. The first SELFOC lens array 15 con- 
verges the linear stimulating rays U which have been 
reflected from the dichroic mirror 14, into a linear beam 
(having a tine width of approximately 100pm) extending 
along the direction indicated by the arrow X on the sheet 
1 50. Also, the first SELFOC lens array 1 5 collimates the 
emitted M, which Is emitted by the sheet 1 50 exposed to 
the linear stimulating rays L and which carries image 
information of the radiation image stored on the sheet 
150. The radiation Image read-out apparatus further 
comprises the second SELFOC lens array 16 tor con- 
verging the emitted tight M, which has been cotlimated 
by the first SELFOC lens array 15 and has then passed 
through the dichroic mirror 14, onto the light receiving 
surfaces of the photoelectric conversion devices 21, 21, 
... constituting the line sensor 120. The radiation image 
read-out apparatus still further comprises the stimulat- 
ing ray cut-off filter t7 tor transmitting only the emitted 
light M and filtering out the stimulating rays L, which 
have been reflected from the front surface of the sheet 
150 and which are mixed 6lightly in the emitted light M 
having passed through the second SELFOC lens array 
16. The radiation image read-out apparatus also com- 
prises the line sensor 120, which is constituted of a plu- 
rality of the photoelectric conversion devices 21, 21, „. 
for receiving the emitted light M having passed through 
the stimulating ray cut-off filter 17 and for photoeiectri- 
cally converting the emitted light M. The radiation image 
read-out apparatus further comprises the image Infor- 
mation reading means 130 for reading outputs of the 
photoelectric conversion devices 21, 21, ... constituting 
the line sensor 120. 

[0280] The first SELFOC lens array 1 5 acts such that 
an Image of the emission area of the emitted light M on 
the sheet 150 Is formed in one-to-one size relationship 
on the image surface at the dichroic mirror 14. The sec- 
ond SELFOC lens array 16 acts such that an image of 
the emitted light M on the dichroic mirror 14 is formed in 
one-to-one size relationship on the image surface at the 
light receiving surfaces of the photoelectric conversion 
devices 21, 21, ... 

10281] The optical system 12, which is constituted of 
the collimator lens and the toric lens, expands the stim- 
ulating rays L, which come from the BLD 11, Into a 
desired Irradiation area on the dichroic mirror 1 4. 
[0282] As illustrated in Figure 16, the line sensor 120 
comprises a plurality of (e.g., at least 1,000 pieces of) 
photoelectric conversion devices 21, 21, ... arrayed in 
one row along the direction indicated by the double- 
headed arrow X. Each of the photoelectric conversion 
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devices 21, 21 , ... constituting the line sensor 120 has 
the light receiving surface having a size of approxi- 
mately 100u/n (=d P ) On the direction indicated by the 
arrow Y) x 100um (in the direction indicated by the 
arrow X). The size of each light receiving surface is the 
size capable of receiving the emitted light M occurring 
from part having a size of approximately 1 OO^mxIOOum 
on the surface of the sheet 150. As the photoelectric 
conversion devices 21, 21 amorphous silicon sen- 
sors, CCD image sensors, MOS image sensors, or the 
like, may be employed. 

[0283] The sheet 150 is partly shown in Figure 17A. 
As illustrated in Rgure 1 7B (or as shown in the sectional 
view of a sheet 160 in Figure 17C), the sheet 150 or 160 
comprises a substrate layer 52 and a stimuiable phos- 
phor layer 54 overlaid on the substrate layer 52. A stim- 
ulate phosphor material 53 in the stimuiable phosphor 
layer 54 is partitioned by a stimulating ray reflecting par- 
tition member 51 , which extends in the thickness direc- 
tion of the sheet 150, into a plurality of fine cells C, C, ... 
(The stimuiable phosphor sheet having such a structure 
is referred to as the anisotropic sheet) As illustrated in 
Figure 17B, each fine cell C other than its front surface 
is surrounded by the stimulating ray reflecting partition 
member 51 and the substrate layer 52. Alternatively, as 
illustrated in Figure 17C, each fine cell C other than its 
front surface is surrounded by only the stimulating ray 
reflecting partition member 51 . In this embodiment, the 
sheet 150 having the structure shown in Rgure 17B is 
employed. 

[0284] Each fine ceil C of the sheet 150 has an 
approximately square shape having a size of approxi- 
mately 100iim (in the direction indicated by the arrow X) 
x 100um (in the direction indicated by the arrow Y). The 
stimulating ray reflecting partition member 51 is consti- 
tuted of a material capable of reflecting the stimulating 
rays L and suppressing the passage of the stimulating 
rays L therethrough. The stimulating ray reflecting parti- 
tion member 51 suppresses the scattering of the stimu- 
lating rays L to the direction In which the surface of the 
sheet 150 extends. 

[0285] How this embodiment of the fifth radiation 
image read-out apparatus in accordance with the 
present invention operates will be described hereinbe- 
low. 

[0286] Firstly, the scanning bett 40 moves in the direc- 
tion indicated by the arrow Y, and the sheet 150, on 
which the radiation image has been stored and which is 
supported on the scanning belt 40, is conveyed in the 
direction indicated by the arrow Y The conveyance 
speed of the sheet 150 is equal to the movement speed 
of the scanning belt 40. Information representing the 
movement speed of the scanning belt 40 is fed into the 
image information reading means 130. 
[0287] The BLD 1 1 radiates out the stimulating rays L 
having a linear pattern with a line width of approximately 
100um. The stimulating rays L are radiated out approxi- 
mately in parallel wfth the front surface of the sheet 150. 



The stimulating rays L are coilimated by the optical sys- 
tem 12, which is constituted of the collimator lens and 
the toric tens and is located in the optical path of the 
stimulating rays L The coilimated stimulating rays L are 

5 reflected from the dichroic mirror 1 4 to the direction that 
impinges perpendicularly upon the front surface of the 
sheet 150. As illustrated in Figure 18A, ttie reflected 
stimulating rays L are converged by the first SELFOC 
lens array 15 into a linear beam (having a line width d u 

w of approximately 100um) extending along the direction 
indicated by the arrow X on the sheet 150. At this time, 
the tine width d L of the stimulating rays L on the surface 
of the sheet 150 is equal to approximately 100^m, and 
therefore the stimulating rays t stimulate only the linear 

15 area of approximately one row of the fine cells C, C, ... 
of the sheet 150 (the size dc of the Hnear area in the 
direction indicated by the arrow Y is equal to approxi- 
mately 100um). 

[0288] The linear stimulating rays L impinging upon 

20 the fine cells C, C, ... of the sheet 150 are scattered In 
the stimuiable phosphor layer 54. However, the stimulat- 
ing rays L are reflected by the stimulating ray reflecting 
partition member 51 , which defines the fine cells C, C, 
... Therefore, the stimulating rays L are scattered within 

25 only the fine cells C, C, ...upon which the stimulating 
rays L impinge. As a result, the stimulating rays L stimu- 
late the stimuiable phosphor material 53 in only the fine 
cells C, C, ... upon which the stimulating rays L impinge. 
The stimulated stimuiable phosphor material 53 emits 

so the light M carrying the image information stored on the 
sheet 150. Since the stimuiable phosphor material 53 is 
partitioned by the stimulating ray reflecting partition 

member 51 into the fine ceileC, C the emitted light 

M having a beam width d M approximately equal to the 

35 width dc of each fine cell C emanates from the sheet 
150. The emitted light M emanating at this time has an 
intensity distribution indicated by the solid line in Rgure 
18B (the width of distribution d M is approximately equal 
to the width dc). In Rgure 1 6B, the broken line indicates 

40 the Intensity distribution (having a width of distribution 
c*mo) of the light emitted under the same conditions from 
an ordinary sheet having no stimulating ray reflecting 
partition member. As illustrated in Figure 18B, the inten- 
sity distribution of the light M emitted by the sheet 1 50 is 

45 narrower than that of the light emitted by the ordinary 
sheet having no stimulating ray reflecting partition mem- 
ber. 

[0289] The light M emitted by the sheet 150 is coili- 
mated by the first SELFOC tens array 15, passes 

so through the dichroic mirror 1 4, and is converged by the 
second SELFOC lens array 16 onto each of the light 
receiving surfaces of the photoelectric conversion 
devices 21, 21, ... constituting the Kne sensor 120. At 
this time, the laser beam L, which has been reflected 

55 from the front surface of the sheet 150 and is mixed 
slightly in the emitted tight M having passed through the 
second SELFOC lens array 16, is filtered out by the 
stimulating ray cut-off filter 1 7. 
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[0290] In this embodiment, the beam width of the emit- 
ted light M on the light receiving surface of the line sen- 
sor 120 is set to be equal to the beam width d M on the 
front surface of the sheet 150. Therefore, all of the emit- 
ted light M impinges upon the respective photoelectric s 
conversion devices 21, 21, ... (having a width dp of 
approximately 100u/n). The photoelectric conversion 
devices 21, 21, ... photoelectrical^ convert the emitted 
light M and feed the thus obtained signal components 
0,0, ... into the image information reading means 130. r<? 
[0291] The image information reading means 130 
feeds out the signal components Q, Q. ... into the exter- 
nal image processing unit, or the like, such that it may 
be clear which signal component Q corresponds to 
which site on the sheet 160 in accordance with the 15 
movement speed of the scanning belt 40. 
[0292] The operation described above is iterated for 
the respective scanning positions of the sheet 160. In 
this manner, the radiation image stored on the sheet 
150 can be read out as an image signal. so 
[0293] As described above, with this embodiment of 
the fifth radiation image read-out apparatus In accord- 
ance with the present invention, wherein the light emis- 
sion region (i.e., the stimuIabJG phosphor material 53) of 
the sheet 150 is partitioned by the stimulating ray 2$ 
reflecting partition member 51 into the plurality of the 
fine cells C, C, the stimulating rays L impinging upon 
the predetermined area (the linear area) of the sheet 
150 can be prevented from scattering boundlessly 
beyond the fine cells C, C, ... in the sheet 150. There- so 
fore, the tight M is emrtted from only the line width area 
(having the line width d^ approximately identical with 
the linear area (having the line width dj upon which the 
stimulating rays L impinge. Accordingly, the light collect- 
ing efficiency of the line sensor 120 can be enhanced as 
without the desired resolution becoming low. Also, the 
emitted light M occurs in units of fine cells C, C, .... and 
therefore the sharpness of the image reproduced from 
an image signal having been obtained from the photoe- 
lectric conversion can be enhanced. In this manner, a 40 
radiation image can be obtained, which has good image 
quality and can serve as an effective tool in, particularly, 
the efficient and accurate diagnosis of an illness. 
[0294] In this embodiment of the fifth radiation image 
read-out apparatus in accordance with the present 45 
invention, the beam width d L of the stimulating rays L for 
stimulating the stimulaWe phosphor material 53 of the 
sheet 150 is smaller than the width dc of each fine ceil 
C. In cases where the beam width d L of the stimulating 
rays L is larger than the width d c of each fine cell C so 
(e.g., in cases where, as illustrated in Figure 19, the 
stimulating rays L are irradiated simultaneously to the 
area of three rows of the fine cells C, C, ...), as illus- 
trated in Figure 20, the line sensor 20 may be employed, 
which comprises three rows 20A, 20B, and 20C of the 65 
photoelectric conversion devices 21, 21, ... The rows 
20A, 20B, and 20C of the photoelectric conversion 
devices 21, 21, ... extend in the direction indicated by 
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the arrow X (shown in Figure 16) and stand side by side 
along the conveyance direction (indicated by the arrow 
Y) of the sheet 150. Also, the image information reading 
means 30 may be employed, which is provided with the 
addition means 31 for performing addition processing 
on the outputs of the photoelectric conversion devices 
21, 21, .... which outputs have been obtained at respec- 
tive positions of movement of the sheet 150 performed 
by the scanning belt 40 and correspond to an identical 
she (in this case, an identical fine cell C) on the sheet 
150. Such an embodiment constitutes an embodiment 
of the sixth radiation image read-out apparatus in 
accordance with the present invention. 
[Q295J How the embedment of the sixth radiation 
image read-out apparatus in accordance with the 
present invention operates will be described hereinbe- 
low with reference to Figures 21 and 22. 
[0296] Firstly, as Plustrated in Figure 21A, in cases 
where the stimulating rays L are converged onto fine 
celts Ct and C2 at the leading end of the sheet 1 50, as 
viewed in the conveyance direction of the sheet 150 
(indicated by the arrow Y), the light M having the inten- 
sity distribution shown in Figure 21 A is emrtted. The 
light quantity of the light M emitted from the fine cell C1 
is equal to Q1. The emrtted light M of the light quantity 
Q1 is received by a photoelectric conversion device 21 , 
which belongs to a photoelectric conversion device row 
20B shown in Figure 20 and which corresponds to the 
fine celt C1 of the sheet 150. The light quantity of the 
light M emitted from the fine cell C2 of the sheet 1 50 is 
equal to 02, The emrtted tight M of the light quantity 02 
is received by a photoelectric conversion device 21, 
which belongs to a photoelectric conversion device row 
20C and which corresponds to the fine ceil C2 of the 
sheet 150. 

[0297] The photoelectric conversion device 21 of the 
row 20B photoelectrically converts the emitted fight IvT of 
the light quantity Q1 into an electric charge Q'1 and 
transfers the electric charge Q'1 into the addition means 
31. As illustrated in Figure 22, in accordance with the 
scanning speed of the scanning belt 40, the addition 
means 31 stores information representing the electric 
charge Q'1. which has been received from the photoe- 
lectric conversion device 21 of the row 20 B, in a mem- 
ory region (in the addition means 31) corresponding to 
the fine celt C1 of the sheet 150. Also, the photoelectric 
conversion device 21 of the row 20C photoelectrically 
converts the emrtted light M of the light quantity Q2 into 
an electric charge Q'2 and transfers the electric charge 
0*2 into the addition means 31. The addition means 31 
stores the information representing the electric charge 
Q*2 in a memory region corresponding to the fine cell 
C2ofthe sheet 150. 

[0298] Thereafter, as illustrated in Figure 21 B, the 
sheet 150 is conveyed, and the stimulating rays L are 
irradiated ontothe fine cells C1 . C2, and C3 of the sheet 
150. In this state, as described above, the light M is 
emitted from the fine cells C1 , C2, and C3 of the sheet 
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150. The light M of a light quantity Q3 is emitted from 
the fine cell C1 , the light M of a light quantity Q4 is emit- 
ted from the fine cell C2, and the light M of a light quan- 
tity 05 is emitted from the fine cell C3. The emitted light 
M is received by the corresponding photoelectric con- & 
version device 21 of the row 20A. the corresponding 
photoelectric conversion device 21 of the row 20B, and 
the corresponding photoelectric conversion device 21 of 
the row 20C. 

[0299] The photoelectric conversion device 21 of the 10 
row 20A, the photoelectric conversion device 21 of the 
row 20B, and the photoelectric conversion device 21 of 
the row 20C convert the emitted light M into electric 
charges Q3, Q'4, and Q'5 and transfer them into the 
addition means 31. 7fi 
[0300] In accordance with the scanning speed of the 
scanning belt 40, the addition means 31 stores pieces 
of information representing the electric charges Q3, 
Q*4, and Q'5, which have been received respectively 
from the photoelectric conversion device 21 of the row 20 
20A, the photoelectric conversion device 21 of the row 
20B, and the photoelectric conversion device 21 of the 
row 20C, in memory regions (in the addition means 31) 
corresponding to the fine cells CI, C2, and C3 of the 
sheet 150. In the memory region corresponding to the 26 
fine cell C1 , the value of the electric charge Q'3 is added 
to the previously stored value of the electric charge Q*1 . 
Also, in the memory region corresponding to the fine 
cell C2, the value of the electric charge Q'4 is added to 
the previously stored value of the electric charge Q'2. 30 
[0301] As illustrated in Figure 21 C, the sheet 150 is 
then conveyed, and the stimulating rays L are irradiated 
onto the fine cells C2. C3, and C4 of the sheet 150. In 
this state, in the same manner as that described above, 
pieces of information representing electric charges Q'6, 35 
Q7. and Q'8, which have been received respectively 
from the photoelectric conversion device 21 of the row 
20A, the photoelectric conversion device 21 of the row 
20B, and the photoelectric conversion device 21 of the 
row 20C, are stored in the memory regions correspond- 40 
ing to the fine cells C2, C3, and C4 of the sheet 1 50 and 
added to the previous stored values. 
[0302] The operation described above is Iterated at 
respective positions of conveyance of the sheet 150. In 
this manner, as illustrated in Figure 22, the total sum of 4s 
the emitted light M having been received at the respec- 
tive positions of conveyance of the sheet 1 50 is stored in 
the memory region of the addition means 31 corre- 
sponding to each site on the sheet 150. 
[0303] The image signal having thus been stored in so 
the memory is fed from the image information reading 
means 30 into an external image processing unit, or the 
like, and utilized for reproducing a visible image for diag- 
nosis, or the tike. 

[0304] As described above, with the embodiment of ss 
the sixth radiation image read-out apparatus in accord- 
ance with the present invention, in cases where the 
beam width d L of the stimulating rays L is larger than the 
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width dc of each fine cell. aU of the light M emitted from 
the fine ceHs C, C, ... adjacent to one another in the line 
width direction can be coHected, and the light collecting 
efficiency can be enhanced. 
[0305] The utilization of the line sensor 20 corrprising 
the plurality of rows of the photoelectric conversion 
devices 21, 21 . ... is not limited to the cases where the 
beam width c^ of the stimulating rays L is larger than the 
width dc of each fine cell. As illustrated in Figure 23, in 
cases where the beam width d u of the stimulating rays L 
is smaller than the width dc of each fine cell, the emitted 
light W occurring with a beam width d M approximately 
equal to the width d c of a fine cell C by being stimulated 
by the stimulating rays L scattering in the fine cell C can 
be photoelectrically detected by the Kne sensor 20, 
which comprises the rows of the photoelectric conver- 
sion devices 21, 21. ... each having a width {dp^ 
smaller than the beam width d M of the emitted light M. In 
thi6 manner, the resolution can be kept high, anri the 
light collecting efficiency can be enhanced. 
[0306] As illustrated in Figure 20, the line sensor 20 
employed in this embodiment of the sixth radiation 
image read-out apparatus in accordance with the 
present invention comprises the plurality of the photoe- 
lectric conversion devices 21, 21, ... arrayed in the 
matrix-like pattern such that they may stand in a straight 
line along each of the length direction (i.e., the major 
axis direction) of the line sensor 20 and the direction 
(i.e.. the minor axis direction) normal to the major axis 
direction. However, the line sensor employed in the sixth 
radiation image read-out apparatus is not limited to the 
constitution shown in Figure 20. For example, as in the 
line sensor 80 illustrated In Figure 7A, the photoelectric 
conversion devices 21, 21, ... may be arrayed such that 
they may stand in a straight line along the major axis 
direction (indicated by the double-headed arrow X) and 
in a zigzag pattern along the minor axis direction {indi- 
cated by the arrow Y). As another alternative, as in the 
line sensor 90 illustrated in Figure 7B, the photoelectric 
conversion devices 2t, 2t , ... may be arrayed such that 
they mayJstand in a straight line along the minor axis 
direction and in a zigzag pattern along the major axis 
direction. 

[0307] Also, in lieu of the addition means, one of other 
Mnds of operation means may be provided. Also, simple 
addition processing, weighted addition processing, or 
one of various other kinds of operation processing may 
be employed. 

[0308] The fifth and sixth radiation image read-out 
apparatuses in accordance with the present invention 
are not limited to the embodiments described above 
and may be embodied in various other ways. For exam- 
ple, various known constitutions may be employed as 
the light source, the light guiding optical system 
between the light source and the sheet, the optical sys- 
tems between the sheet and the Ifne sensor, the line 
sensor, or the addition means. Also, the radiation image 
read-out apparatus may further comprise an image 
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processing unit, which performs various kinds of signal 
processing on the image signal obtained from the image 
information reading, means, and/or erasing means tor 
appropriately releasing radiation energy remaining on 
the sheet from which the image signal has been 5 
detected. 

[0309] Also, in the aforesaid embodiments of the fifth 
and sixth radiation image read-out apparatuses in 
accordance with the present invention, part of the opti- 
cal path of the stimulating rays L and part of the optical 10 
path of the emitted light M overlap each other, and the 
size of the apparatus is thereby reduced. Alternatively, 
for example, as illustrated in Figure 24, the sixth radia- 
tion image read-out apparatus in accordance with the 
present invention may be constituted such that the opti- 15 
cal path of the stimulating rays L and the optical path of 
the emitted light M may not overlap each other. The 
apparatus shown in Figure 24 has basically the same 
constitution as that of the apparatus shown in Figure 8. 
[0310] How the embodiment of the sixth radiation 20 
image read-out apparatus in accordance with the 
present invention, which is shown in Figure 24, operates 
wili be described hereirtbefow. 
[031 1 ] Firstly, the scanning belt 40 moves in the direc- 
tion indicated by the arrow Y, and the sheet 150. on 25 
which the radiation image has been stored and which is 
supported on the scanning belt 40, is conveyed in the 
direction indicated by the arrow Y The conveyance 
speed of the sheet 150 is equal to the movement speed 
of the scanning belt 40. Information representing the so 
movement speed of the scanning belt 40 is fed into the 
addition means 31. 

[031 2] The BLD 1 1 radiates out the stimulating rays L 
having a linear pattern. The stimulating rays L are radi- 
ated out at an angle of approximately 45 degrees with 55 
respect to the from surface of the sheet 1 50. The stimu- 
lating rays L are collimated by the optical system 12, 
which is constituted of the collimator lens and the toric 
lens and is located in the optical path of the stimulating 
rays L The collimated stimulating rays L impinge upon 40 
the front surface of the sheet 150 at an angle of approx- 
imately 45 degrees with respect to the front surface of 
the sheet 150. At this time, the stimulating rays L 
impinge upon the linear area on the front surface of the 
sheet 150. which linear area extends in the direction 45 
indicated by the arrow X. 

[0313] The light M is emitted from the linear area 
exposed to the stimulating rays L, or from the exposed 
linear area and the neighboring areas (in cases where 
the width of the exposed linear area is smaller than the bo 
width of each fine cell C). The emitted light M passes 
through the stimulating ray cut-off filter 17. which filters 
out the stimulating rays L mixed in the emitted light M. 
The emitted light M then impinges upon the SELFOC 
lens array 16 and is converged onto each of the light ss 
receiving surfaces of the photoelectric conversion 
devices 21, 21, ... constituting the line sensor 20. 
[031 4] The operation performed after the emitted light 
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M is received by the line sensor 20 is the same as that 
in the aforesaid embodiment of the sixth radiation image 
read-out apparatus in accordance with the present 
invention. 

[0315] Figure 24 shows the embodiment of the sixth 
radiation image read-out apparatus in accordance with 
the present invention, wherein the line sensor 20 com- 
prises a plurality of rows of the photoelectric conversion 
devices 21, 21 . ... and the addition means 31 is utilized. 
The constitution shown in Figure 24 is also applicable to 
the fifth radiation image read-out apparatus in accord- 
ance with the present invention, wherein the line sensor 
120 comprises only one row of the photoelectric conver- 
sion devices 21. 21, ... and the addition means 31 is not 
provided. 

[0316] As described above, with the embodiment of 
the sixth radiation image read-out apparatus in accord- 
ance with the present invention having the constitution 
shown in Figure 24, wherein the photoelectric conver- 
sion devices 21, 21, ... each having a fight receiving 
width dp (<d M ) shorter than the line width d M of the emit- 
ted light M (i.e., the line width on the light receiving sur- 
face of each photoelectric conversion device) are 
employed, a desired level of resolution can be obtained, 
and the li ne sensor 20 as a whole can receive the emit- 
ted light M over approximately the entire line width of the 
emitted light Therefore, the light receiving efficiency 
can be enhanced. Also, the addition means 31 performs 
the addition processing on the outputs of the photoelec- 
tric conversion devices 21, 21, ... constituting the line 
sensor 20, which outputs have been obtained at respec- 
tive positions of sheet movement performed by the 
scanning belt 40 and which outputs correspond to an 
identical site on the sheet 150. Accordingly, the light col- 
lecting efficiency at each site on the sheet 150 can be 
enhanced. 

[0317] In the aforesaid embodiments of the fifth and 
sixth radiation image read-out apparatuses in accord- 
ance with the present invention, the light source for pro- 
ducing the stimulating rays L and the line sensor are 
located on the same surface side of the sheet 150, and 
the emitted light M emanating from the surface of the 
sheet 150, upon which the stimulating rays L impinge, is 
received by the tine sensor 20. However, the fifth and 
sixth radiation image read-out apparatuses in accord- 
ance with the present invention are not limited to the 
aforesaid embodiments. For example, as illustrated in 
Figure 25, a stimulable phosphor sheet 1 50' whose sub- 
strate is formed from a material permeable to the emit- 
ted light M (e.g., the sheet having the same structure as 
that shown in Figure 17B) may be employed, and the 
light source for producing the stimulating rays L and the 
line sensor may be located on opposite surface sides of 
the sheet 150 r . In this manner, the emitted light M ema- 
nating from the surface opposite to the surface of the 
sheet 150\ upon which the stimulating rays L Impinge, 
may be received by the fine sensor 20. The apparatus 
shown in Figure 25 has basically the same constitution 
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as that of the apparatus shown in Figure 9. 
[0318] Hew the errbodiment of the sixth radiation 
image read-out apparatus in accordance with the 
present invention, which is shown in Figure 25, operates 
will be described hereinbeiow. 
[031 9] Firstly, the conveyor belt 40' moves in the direc- 
tion indicated by the arrow Y. and the sheet 150', on 
which the radiation image has been stored and which is 
supported by the conveyor belt 40', is conveyed in the 
direction indicated by the arrow Y. The conveyance 
speed of the sheet 1 50' is equal to the movement speed 
of the conveyor belt 40*. Information representing the 
movement speed of the conveyor beft 40* is fed into the 
addition means 31. 

[0320] The BLD 1 1 radiates out the stimulating rays L 
having a linear pattern. The stimulating rays L are radi- 
ated out in the direction approximately normal to the 
front surface of the sheet 150'. The stimulating rays L 
are coilimated by the optical system 12, which is consti- 
tuted of the collimator lens and the toric lens and is 
located in the optical path of the stimulating rays L The 
coilimated stimulating rays L impinge upon the front sur- 
face of the sheet 150' from the direction approximately 
normal to the front surface of the sheet 150'. At this 
time, the stimulating rays L impinge upon the linear area 
on the front surface of the sheet 150', which linear area 
extends in the direction indicated by the arrow X. 
[0321] The light M is emitted from the linear area 
exposed to the stimulating rays L, or from the exposed 
linear area and the neighboring areas (in cases where 
the width of the exposed linear area is smaller than the 
width of each fine cell C). At the same time, the emitted 
light M' having passed through the transparent sub- 
strate of the sheet 1 50' emanates from a linear area of 
the back surface of the sheet 150'. 
[0322] The emitted light M', which emanates from the 
linear area of the back surface of the sheet 1 50', passes 
through the stimulating ray cut-off filter 17, which filters 
out the stimulating rays L mixed in the emitted light M'. 
The emitted light M' then impinges upon the SELFOC 
lens array 16 and is converged onto each of the light 
receiving surfaces of the photoelectric conversion 
devices 21 . 21 , ... constituting the line sensor 20. 
[0323] The operation performed after the emitted light 
M' is received by the line sensor 20 is the same as that 
in the aforesaid embodiment of the sixth radiation image 
read-out apparatus in accordance with the present 
invention. 

[0324] Figure 25 shows the embodiment of the sixth 
radiation image read-out apparatus in accordance with 
the present invention, wherein the line sensor 20 com- 
prises a plurality of rows of the photoelectric conversion 
devices 21 , 21 . ... and the addition means 31 Is utilized. 
The constitution shown in Figure 24 is also applicable to 
the fifth radiation image read-out apparatus in accord- 
ance with the present invention, wherein the tine sensor 
120 comprises only one row of the photoelectric conver- 
sion devices 21 , 21 , ... and the addition means 31 is not 



provided. 

[0325] As described abeve, with the embodiment of 
the sixth radiation image read-out apparatus in accord- 
ance with the present invention having the constitution 

s shown in Figure 25, wherein the photoelectric conver- 
sion devices 21, 21, ... each having a tight receiving 
width dp {<6yf) shorter than the line width d M of the emit- 
ted light M (Le_, the line width on the light receiving sur- 
face of each photoelectric conversion device) are 

w employed, a desired level of resolution can be obtained, 
and the line sensor 20 as a whole can receive the emit- 
ted light M over approximately the entire tine width of the 
emitted light Therefore, the light receiving efficiency 
can be enhanced. Also, the addition means 31 performs 

is the addition processing on the outputs of the photoelec- 
tric conversion devices 21, 21, ... constituting the line 
sensor 20, which outputs have been obtained at respec- 
tive positions of sheet movement performed by the con- 
veyor belt 40' and which outputs correspond to an 

20 identical site on the sheet 150'. Accordingly, the light 
collecting efficiency at each site on the sheet 150' can 
be enhanced. 

[0326] Embodiments of the seventh, eighth, and ninth 
radiation image read-out apparatuses in accordance 
25 with the present invention will be described hereinbe- 
iow. ^ 

[0327] Figure 26A is a perspective view showing an 
embodiment of the seventh radiation image read-out 
apparatus in accordance with the present invention. Fig- 
30 ure 26B is a sectional view taken on line 1-1 of Rgure 
26A. 

[0328] With reference to Figures 26A and 26B, the 
radiation image read-out apparatus comprises conveyor 
belts 40A and 406 for supporting a stimulable phosphor 

35 sheet (hereinbeiow referred to simply as the sheet) 50*, 
on which a radiation image has been stored, and con- 
veying the sheet 50* in the direction indicated by the 
arrow Y. The radiation image read-out apparatus also 
comprises the broad area semiconductor laser (herein- 

40 below referred to as the BLD) 1 1 tor radiating out a lin- 
ear laser beam L having a linear pattern with a line width 
of approximately tOOum and having wavelengths failing 
within the range of 600 nm to 700nm. The laser beam L 
is radiated out approximately in parallel with the front 

45 surface of the sheet 50'. The radiation image read-out 
apparatus further comprises the optical system 12, 
which is constituted of a combination of a collimator lens 
tor coltimating the linear laser beam L having been radi- 
ated out of the BLD 1 1 and a toric lens for expanding the 

so beam only in one direction. The radiation image read- 
out apparatus still further comprises the dichroic mirror 
14, which is located at an angle of 45 degrees with 
respect to the front surface of the sheet 50' and which is 
set so as to reflect the laser beam L and to transmit 

55 emitted tight M described later. The radiation image 
read-out apparatus also comprises the first SELFOC 
lens array 15. The first SELFOC lens array 15 con- 
verges the linear laser beam U which has been 
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reflected from the dichroic mirror 14, into a linear beam 
(having a line width of approximately 100nm) extending 
afong the direction indicated by the arrow X (parallel to 
the side edge of the sheet 50*) on the sheet 50*. Also, 
the first SELFOC lens array 15 collimates the emitted 5 
M, which is emitted from the front surface 0-6. , the upper 
surface in Figure 26A) of the sheet 50' exposed to the 
linear laser beam L and which carries image information 
of the radiation image stored on the sheet 50'. The radi- 
ation image read-out apparatus further comprises the w 
second SELFOC lens array 16 for converging the emit- 
ted light M, which has been coflimated by the first 
SELFOC lens array 15 and has then passed through 
the dichroic mirror 14, onto light receiving surfaces of 
photoelectric conversion devices 21, 21, ... constituting 75 
a fine sensor 120, which will be described later. The 
radiation image read-out apparatus still further com- 
prises the stimulating ray cut-off fitter 17 for transmitting 
only the emitted light M and filtering out the laser beam 
L, which has been reflected from the front surface of the 20 
sheet 50* and which is mixed slightly in the emitted light 
M having passed through the second SELFOC lens 
array 16. The radiation image read-out apparatus also 
comprises the line sensor 120. which is constituted of a 
plurality of photoelectric conversion devices 21, 21, ... 25 
for receiving the emitted light M having passed through 
the stimulating ray cut-off filter 17 and for photoeiectri- 
cafly converting the emitted light M. The radiation image 
read-out apparatus further comprises a stimulating ray 
cut-off fitter 17\ The stimulating ray cut-off filter 17 30 
transmits only the emitted light M\ which emanates 
from the back surface (i.e., the lower surface in Figure 
26A) of the sheet 50*. The stimulating ray cut-off filter 1 7 
fitters out the laser beam U which has passed through 
the sheet 50' and emanates slightly from the back sur- 35 
face of the sheet 50* together with the emitted light M\ 
The radiation image read-out apparatus also comprises 
a third SELFOC lens array 16* for converging the emit- 
ted light M\ which has passed through the stimulating 
ray cut-off filter 1 7*. onto light receiving surfaces of pho- 40 
toelectric conversion devices 21', 21 *, ... constituting a 
line sensor 120', which will be described later. The radi- 
ation image read-out apparatus further comprises the 
line sensor 120', which is constituted of a plurality of the 
photoelectric conversion devices 21\ 21', ... for receiv- 45 
ing the emitted light M' having passed through the third 
SELFOC lens array 16* and for photoefectrtcatiy con- 
verting the emitted light M\ The radiation image read- 
out apparatus stilt further comprises Image information 
reading means 130. The image information reading so 
means 130 reads an image signal made up of signal 
components (outputs) obtained from the photoelectric 
conversion devices 21, 21. ... constituting the line sen- 
sor 120 and an image signal made up of signal compo- 
nents (outputs) obtained from the photoelectric $$ 
conversion devices 2V, 21 \ ... constituting the line sen- 
sor 120*. Also, the image information reading means 
130 performs predetermined weighted addition 



processing on signal components of the two image sig- 
nals, which image signal components represent corre- 
sponding pixels on the front and back surfaces of the 
sheet 50'. 

[0323} The sheet 50' employed in the embodiment of 
the seventh radiation image read-out apparatus in 
accordance with the present invention comprises a sub- 
strate layer and a stimulate phosphor layer overlaid on 
the substrate layer. The substrate layer is formed from a 
material permeable to the light emitted by the sheet 50'. 
[0330] The first SELFOC lens array 15 acts such that 
an image of the emission area of the emitted light M on 
the sheet 50' is formed in one-to-one size relationship 
on the image surface at the dichroic mirror 14. The sec- 
ond SELFOC lens array 16 acts such that an image of 
the emitted light M on the dichroic mirror 14 is formed in 
one-to-one size relationship on the image surface at the 
light receiving surfaces of the photoelectric conversion 
devices 21 , 21 .... The third SELFOC lens array 16' acts 
such that an image of the emitted light M* on the back 
surface of the sheet 50' is formed in one-to-one size 
relationship on the image surface at the tight receiving 
surfaces of the photoelectric conversion devices 2V, 
21\ ... of the line sensor 120'. 
[0331 ] As illustrated in Figure 27* the line sensor 120 
and the line sensor 120' comprise a plurality of (e.g., at 
least 1,000 pieces of) the photoelectric conversion 
devices 21, 21, ... a the photoelectric conversion 
devices 21 \ 2V, ... arrayed along the direction indicated 
by the double-headed arrow X. Each of the photoelec- 
tric conversion devices 2T, 21, ... constituting the line 
sensor 120 or each of the photoelectric conversion 
devices 21\ 21 \ constitufing the line sensor 120* has 
the light receiving surface having a size of approxi- 
mately lOOumxtOOuiTi. The size of each light receiving 
surface is the size capable of receiving the emitted tight 
M occurring from part having a size of approximately 
100nmxl00>im on the surface of the sheet 50*. As the 
photoelectric conversion devices 21 ? 21, ... and the pho- 
toelectric conversion devices 2t\21\ amorphous sil- 
icon sensors, CCD image sensors, MOS image 
sensors, or the like, may be employed. 
[0332] How this embodiment of the seventh radiation 
image read-out apparatus in accordance with the 
present invention operates wUJ be described hereinbe- 
low, 

[0333] Firstly the conveyor belts 40A and 40B move 
in the direction indicated by the arrow Y, and the sheet 
50', on which the radiation image has been stored and 
which is supported on the conveyor belts 40A and 40B, 
is conveyed in the direction indicated by the arrow Y 
The conveyance speed of the sheet 50' is equal to the 
movement speed of the conveyor belts 40A and 40B. 
Information representing the movement speed of the 
conveyor belts 40A and 40B is fed into the image infor- 
mation reading means 130. 

[0334] The BLD 1 1 radiates out the laser beam L hav- 
ing a linear pattern with a line width of approximately 



47 



93 



EP0 964 269 A2 



94 



100nm. The laser beam L is radiated out approximately 
in parallel with the front surface of the sheet 50'. The 
laser beam L is collimated by the optical system 12, 
which is constituted of the collimator lens and the tortc 
lens and is located in the optical path of the laser beam 
L The collimated laser beam L is reflected from the 
dichroic mirror 1 4 to the direction that impinges perpen- 
dicularly upon the front surface of the sheet 50'. The 
reflected laser beam L is converged by the first 
SELFOC lens array 1 5 into a linear beam (having a line 
width d L of approximately lOO^m) extending along the 
direction indicated by the arrow X on the sheet 50'. 
[03351 The laser beam Lirnpinging upon the sheet 50' 
stimulates the stimuiable phosphor at the exposed area 
of the sheet 50'. As a result, the light M and the light M' 
carrying the image information stored on the sheet 50* is 
emitted respectively from the front and back surfaces of 
the sheet 50*. 

[0336] The light M emitted from the front surface of the 
sheet 50* is collimated by the first SELFOC lens array 
15, passes through the dichroic mirror 14, and is con- 
verged by the second SELFOC lens array 16 onto each 
of the light receiving surfaces of the photoelectric con- 
version devices 21 r 21, ... constituting the line sensor 
120. At this time, the laser beam U which has been 
reflected from the front surface of the sheet 50' and is 
mixed slightly in the emitted light M having passed 
through the second SELFOC lens array 16, is filtered 
out by the stimulating ray cut-off filter 17. 
[0337] The emitted light M having passed through the 
stimulating ray cut-off filter 1 7 is received by the photo- 
electric conversion devices 21, 21, ... constituting the 
line sensor 1 20 and photoelectricalty converted into sig- 
nal components Q, Q, ... An image signal S made up of 
the signal components Q, Q, ... is fed into the image 
information reading means 130. 
[0338] The light M' emitted from the back surface of 
the sheet 50' passes through the stimulating ray cut-off 
filter 17' and impinges upon the third SELFOC lens 
array 16'. At this time, the laser beam L having passed 
through the sheet 50* is slightly radiated from the back 
surface of the sheet 50* together with the emitted light 
M*. The laser beam L mixed in the emitted light M' is fil- 
tered out by the stimulating ray cut-off filter 1 T. 
[0339] The emitted light WT having passed through the 
stimulating ray cut-off filter 17 is converged by the third 
SELFOC lens array 16' onto each of the light receiving 
surfaces of the photoelectric conversion devices 2V, 
2V, ... constituting the line sensor 120'. The emitted light 
M* having thus been converged is received by the pho- 
toelectric conversion devices 2V, 21', ... constituting the 
line sensor 120' and photoelectrically converted into 
signal components Q\ Q\ ... An image signal S' made 
up of the signal components Q\ Q\ ... is fed into the 
image information reading means 130. 
[0340] The image information reading means 130 
receives the image signal S from the line sensor 120 
and receives the image signal S' from the line sensor 
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120*. The image information reading means 130 dis- 
criminates which signal component QorQ* corresponds 
to which pixel on the sheet 50' corresponding to the 
amount of displacement of the conveyor belts 40A and 
40B. Also, the image information reading means 130 
performs weighted addition processing with a predeter- 
mined addition ratio on the signal components of the 
two image signals S and S\ whfch image signal compo- 
nents represent corresponding pixels on the front and 
back surfaces of the sheet 50'. In this manner, an addi- 
tion signal is obtained. 

[0341] As described above, with this embodirnerrt of 
the seventh radiation image read-out apparatus in 
accordance with the present invention, the addition sig- 
nal is obtained from the addition processing of the two 
image signals S and S r detected from the front and back 
surfaces of the sheet 50*. in the addition signal, noise 
occurring at random on the front and back surfaces of 
the sheet 50' is dispersed in the effective image storing 
region of the sheet 50'. Therefore, noise components 
can be rendered i mp erc ept i ble with respect to the entire 
sheet 50'. Also, since the light M emitted from tie front 
surface of the sheet 50' and the light M* emitted from the 
back surface of the sheet 50' are respectively collected 
at the front and back surfaces of the sheet 50\ the light 
collecting efficiency can be enhanced. As a result an 
image signal having a markedly enhanced signal-to- 
noise ratio can be obtained. 

[0342] In the aforesaid embodiment of the seventh 
radiation image read-out apparatus in accordance with 
the present invention, part of the optical path of the laser 
beam L and part of the optical path of the light M emitted 
from the front surface of the sheet 50* overlap each 
other, and the size of the apparatus is reduced. Alterna- 
tively, as illustrated in Figure 28, the seventh radiation 
image read-out apparatus in accordance with the 
present invention may be constituted such that the opti- 
cal path of the laser beam L and the optical path of the 
light emitted M do not overlap each other. Also, the 
embodiment of Figure 28 may be modified such that a 
line light source is located also on the back surface side 
of the sheet 50'. In such a modification, it is necessary 
for a sheet provided with a substrate formed from a 
material permeable to the stimulating rays to be 
employed. 

[0343] In the seventh radiation image read-out appa- 
ratus in accordance with the present invention, in lieu of 
the line sensors 120 and 120', thelinesensor 20 having 
the constitution shown in Figure 2 and a line sensor 20* 
of the same type may be employed. 
[0344] With the embodiment of the seventh radiation 
image read-out apparatus in accordance with the 
present invention, wherein the Hne sensors 20 and 20' 
comprising a plurality of rows of photoelectric conver- 
sion devices 21, 21, ... or a plurality of rows of photoe- 
lectric conversion devices 21'. 21', ... are employed, the 
same effects as those of the aforesaid embodiment of 
the seventh radiation image read-out apparatus in 



.48 




95 EP0 964 

accordance with the present invention can be obtained. 
Also, in cases where the light receiving width (i.e., the 
width in the minor cods direction of the line sensor 20) of 
each of the photoelectric conversion devices 21, 21, ... 
is shorter than the line width of the emitted light M (i.e., 5 
the distribution width shown in the emitted light intensity 
distribution diagram in Figure 2) the line sensor 20 as a 
whole can receive the emitted light M over approxi- 
mately the entire line width of the emitted light There- 
fore, the light receiving efficiency can be enhanced, w 
Accordingly, for example, in cases where, after the laser 
beam L having the beam width di_ (shown in Figure 3A> 
approximately equal to the- light receiving width of the 
photoelectric conversion device row 20B impinges upon 
the sheet 50', the laser beam L is scattered in the sheet is 
SO' and stimulates the area having a width (the width 
dm) larger than the beam width d Lt and the tight M (with 
the intensity distribution shown in Figure 3C) having a 
beam width d M larger than the light receiving width of 
the photoelectric conversion device row 20B is emitted so 
as illustrated in Figure 3B, the emitted light M having the 
wide beam width can be received efficiently. 
[0345] As each of the line sensors 20 and 20' compris- 
ing a plurality of rows of photoelectric conversion 
devices 21. 21, ... or a plurality of rows of photoelectric 25 
conversion devices 21\ 21 \ the line sensor 80 shown 
in Figure 7A or the line sensor 90 shewn in Figure 7B 
may be employed. 

[0346] Also, as the sheet 50\ the sheet (the aniso- 
tropic sheet) 150 shown in Figure 17A may also be so 
employed. The sheet 150 has the sectional structure 
shown in Figure 17B or the sectional structure of the 
sheet 1 60 shown in Figure 1 7C. in such cases, the stim- 
ulating ray reflecting partition member 51 is formed from 
a material capable of reflecting the laser beam L and as 
transmitting the emitted light M. The stimulating ray 
reflecting partition member 51 suppresses the scatter- 
ing of the laser beam L to the direction in which the 
sheet surface extends. Therefore, the sharpness of the 
image reproduced from the image signal having been 40 
obtained from the photoelectric conversion can be 
enhanced. 

[0347] Figure 29A is a perspective view showing an 
embodiment of the eighth radiation image read-out 
apparatus in accordance with the present invention. Fig- 45 
ure 29B is a sectional view taken on tine M of Figure 
29A. 

[0348] With reference to Figures 29A and 29B, the 
radiation image read-out apparatus comprises the con- 
veyor belts 40A and 40B for supporting a stimuiable go 
phosphor sheet (hereinbelow referred to simply as the 
sheet) 250, on which a radiation image has been stored, 
and conveying the sheet 250 in the direction indicated 
by the arrow Y and in the direction indicated by the 
arrow -Y. The radiation image read-out apparatus also ss 
comprises the BID 11 for radiating out a linear laser 
beam L having a linear pattern with a line width of 
approximately 100um and having wavelengths falling 
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within the range of 600nm to 700nm. The laser beam L 
is radiated out approximately in parallel with the front 
surface of the sheet 250. The radiation image read-out 
apparatus further comprises the optical system 12, 
which is constituted of a combination of a collimator lens 
lor collimating the linear laser beam L having been radi- 
ated out of the BUD 1 1 and a toric fens for expanding the 
beam only in one direction. The radiation image read- 
out apparatus stUl further comprises the dichroic mirror 
14, which rs located at an angle of 45 degrees with 
respect to the front surface of the sheet 250 and which 
is Get so as to reflect the laser beam L and to transmit 
emitted light M described later. The radiation image 
read-out apparatus also comprises the first SELFOC 
lens array 15. The first SELFOC Tens array 15 con- 
verges the linear laser beam U which has been 
reflected from the dichroic mirror 14, into a linear beam 
(having a line width of approximately 1 0Ojim) extending 
along the direction indicated by the arrow X (parallel to 
the side edge of the sheet 250) on the sheet 250. Also, 
the first SELFOC lens array 15 collimates the emitted 
M, which is emitted from the front surface (i.e., the upper 
surface In Figure 29A) of the sheet 250 exposed to the 
linear laser beam Land which. carries image information 
of the radiation image stored on the sheet 250. The radi- 
ation image readout apparatus further comprises the 
second SELFOC lens array 16 for converging the emit- 
ted light M, which has been collimated by the first 
SELFOC lens array 15 and has then passed through 
the dichroic mirror 14, onto the light receiving surfaces 
of the photoelectric <x>nver8ion devices 21, 21 , ... consti- 
tuting the line sensor 120. The radiation image read-out 
apparatus still further comprises the stimulating ray cut- 
off fitter 1 7 for transmitting only the emitted Tight M and 
filtering out the laser beam L, which has been reflected 
from the front surface of the sheet 250 and which is 
mixed slightly in the emitted light M having passed 
through the second SELFOC lens array 16. The radia- 
tion image read-out apparatus also comprises the line 
sensor 120, which is constituted of a plurality of the pho- 
toelectric conversion devices 21, 21, ... tor receiving the 
emitted light M having passed through the stimulating 
ray cut-off filter 17 and for photoelectrical converting 
the emitted light M. The radiation image read-out appa- 
ratus further comprises a shifting means 60 for shifting 
the light guiding optical system, which contains the line 
sensor 120 and the BLD 11, to the back surface side of 
the sheet 250 after the emitted right M has been 
detected from the front surface of the sheet 250. The 
radiation image read-out apparatus also comprises the 
image information reading means 130. The image infor- 
mation reading means 130 receives the image signals S 
and S' having been detected respectively from the front 
and back surfaces of the sheet 250 by the line sensor 
120. Also, the image information reading means 130 
performs predetermined weighted addition processing 
on signal components of the two image signals S and 
S\ which image signal components represent corre- 
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spending pixels on the front and back surfaces of the 
sheet 250. 

[0349] The sheet 250 employed in the embodiment of 
the eighth radiation image read-out apparatus in 
accordance with the present invention comprises a sub- i 
strate layer, which is formed from a material blocking the 
stimulating rays, and two stimulable phosphor layers 
formed on the front and back surface sides of the sheet 
250 with the substrate layer intervening therebetween. 
[0350] How this embodiment of the eighth radiation 
image read-out apparatus in accordance with the 
present invention operates will be described hereinbe- 
low. 

[0351] Firstly, the conveyor belts 40 A and 40 B move 
in the direction indicated by the arrow Y and the sheet 
250, on which the radiation image has been stored and 
which is supported on the conveyor belts 40A and 40B, 
is conveyed in the direction indicated by the arrow Y. 
The conveyance speed of the sheet 250 is equal to the 
movement speed of the conveyor belts 40A and 406. 
Information representing the movement speed of the 
conveyor belts 40A and 40B is fed into the image infor- 
mation reading means 130. 

[0352] The BLD 1 1 radiates out the laser beam L hav- 
ing a linear pattern with a line width of approximately 
100nm. The laser beam L is radiated out approximately 
in parallel with the front surface of the sheet 250. The 
laser beam L is colfimated by the optical system 12, 
which is constituted of the collimator lens and the toric 
lens and is located in the optical path of the laser beam 
L The collimated laser beam L is reflected from the 
dichroic mirror 14 to the direction that impinges perpen- 
dicularly upon the front surface of the sheet 250. The 
reflected laser beam L is converged by the first 
SELFOC lens array 15 into a linear beam extending 
along the direction indicated by the arrow X on the front 
surface of the sheet 250. 

[0353] The laser beam L impinging upon the sheet 
250 stimulates the stimulable phosphor at the exposed 
area of the front surface of the sheet 250. As a result, 
the light M carrying the image information stored on the 
sheet 250 is emitted from the front surface of the sheet 
250. At this time, since the laser beam L does not pass 
through the substrate layer of the sheet 250, it does not 
stimulate the stimulable phosphor at the back surface of 
the sheet 250. Therefore, no light is emitted from the 
back surface of the sheet 250. 
[0354] The light M emitted from the front surface of the 
sheet 250 is collimated by the first SELFOC lens array 
15, passes through the dichroic mirror 14, and is con- 
verged by the second SELFOC lens array 16 onto each 
of the light receiving surfaces of the photoelectric con- 
version devices 21, 21, ... constituting the line sensor 
120. At this time, the laser beam U which has been 
reflected from the front surface of the sheet 250 and is 
mixed slightly in the emitted light M having passed 
through the second SELFOC lens array 16, is filtered 
out by the stimulating ray cut-off filter 1 7. 
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[0355] The emitted light M having passed through the 
stimulating ray cut-off filter 17 is received by the photo- 
electric conversion devices 21, 21, ... constituting the 
line sensor 120 and photoelectrical converted into sig- 
nal components Q, Q, ... The image signal S made up of 
the signal components Q, Q, ... is fed into the image 
information reading means 130. 
[0356] When the image signal S has been detected 
from the entire front surface of the sheet 250, the shift- 
ing means 60 shifts the light guiding optical system, 
which contains the line sensor 120 and the BLD 1 1, to 
the back surface side of the sheet 250. 
[0357] Also, the conveyor belts 40A and 40B moves 
reversely in the direction indicated by the arrow -Y, and 
the sheet 250, which is supported on the conveyor belts 
40A and 40B, is conveyed in the direction indicated by 
the arrow -Y The BLD 11 having been shifted to the 
back surface side of the sheet 250 radiates out the laser 
beam L having a linear pattern with a line width of 
approximately lOOurn. The laser beam L is radiated out 
approximately in parallel with the back surface of the 
sheet 250. The laser beam L is collimated by the optical 
system 12, which is constituted of the collimator lens 
and the toric lens and is located in the optical path of the 
laser beam L The collimated laser beam L is reflected 
from the dichroic mirrbt 14 to the direction that impinges 
perpendicularly upon the back surface of the sheet 250. 
The reflected laser beam L is converged by the first 
SELFOC tens array 15 into a linear beam extending 
along the direction indicated by the arrow X on the back 
surface of the sheet 250. 

[0358] The laser beam L impinging upon the sheet 
250 stimulates the stimulable phosphor at the exposed 
area of the back surface of the sheet 250. As a result, 
the light M* carrying the image information stored on the 
sheet 250 is emitted from the back surface of the sheet 
250. i- 

[0359] The light M' emitted from the back surface of 
the sheet 250 is collimated by the first SELFOC lens 
array 15, passes through the dichroic mirror 14, and is 
converged by the second SELFOC lens array 16 onto 
each of the light receiving surfaces of the photoelectric 
conversion devices 21, 21 , ... constituting the line sen- 
sor 120. At this time, the laser beam L, which has been 
reflected from the back surface of the sheet 250 and is 
mixed slightly in the emitted light M having passed 
through the second SELFOC lens array 16, is filtered 
out by the stimulating ray cut-off filter 17. 
[0360] The emitted light M' having passed through the 
stimulating ray cut-off filter 1 7 is received by the photo- 
electric conversion devices 21, 21, ... constituting the 
line sensor 120 and photoelectrically converted into sig- 
nal components Q\ Q\ ... The image signal S' made up 
of the signal components Q\ Q'. ... is fed into the image 
information reading means 130. 
[0361] The image information reading means 130 
receives the image signal S, which has been obtained 
from the line sensor 120 when the front surface of the 
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sheet 250 was exposed to the laser beam L and the 
image signal S\ which has been obtained from the Hne 
sensor 120 when the back surface of the sheet 2SC was 
exposes* to the laser beam L The image information 
reading means 130 olsofiminaies which signal cumpo- 
nent Q or G* corresponds to which pixel on the sheet 
250 corresponding to the amourd of displacement of ihe 
conveyor bote 40 A and 40B. AJcc, the rmsgo informa- 
tion reading means 130 performs weighted addition 
Processing with a predetermined addition ratio on the 
signal components of the two image signals S and S\ 
which image signal components' represent correspond- 
ing pixels on the front and back surfaces of the sheet 
250, In this manner, an addition signal is obtained. 
[03621 As described above, with this embodiment of 
the eighth racfiation image read-out apparatus in 
accordance with the present invention, the addition sig- 
nal is obtained from the addition processing of the two 
image signals S and S' detected from the front and back 
surfaces of the sheet 250. tn the addition signal, noise 
occurring at random on the front and back surfaces of 
the sheet 250 is dispersed in the effective image storing, 
region of foe sheet 250. Therefore, noise components 
can be rendered irnperceptibte with respect to the entire 
sheet 250. Also, since the light M emitted from the front 
surface of the sheet 250 and the light M' emitted from 
the back surface of the sheet 250 are respectively col- 
lected at the front and back surfaces of the sheet 250, 
the tight collecting efficiency can be enhanced- As a 
result, an image signal having a markedly enhanced 
signal-to-noise ratio can be obtained. 
[0363] In the aforesaid ernbodiment of the eighth radi- 
ation image read-out apparatus in accordance with the 
present invention, part of the optical path of the laser 
beam L and part of the optical path of the light M emitted 
from the front surface of the sheet 250 overlap each 
other, and the size of the apparatus is reduced. Alterna- 
tively, as illustrated in Figure 30, the eighth radiation 
image read-out apparatus in accordance with the 
present invention may be constituted such that the opti- 
cal path of the laser beam L and the optical path of the 
light emitted M do not overlap each other. Also, as illus- 
trated in Figure 31 , the BLO 1 1 and the line sensor 120 
may be located on opposite surface sides of the sheet 
250. 

[0364] In the aforesaid embodiments of the eighth 
radiation image read-out apparatus in accordance with 
the present invention, the line sensor comprising a plu- 
rality of rows of the photoelectric conversion devices 21 , 
21 , ... as shown in Figure 2, 7 A, or 7B, and the aniso- 
tropic sheet shown in Figures 17A and 17B or Figure 
1 7C may also be employed. 

[0365] Figure 32A is a perspective view showing an 
embodiment of the ninth radiation image read-out appa- 
ratus in accordance with the present invention. Fiaure 
32B is a sectional view taken on iine i-i of Figure 32A. 
[0366] The radiation image read-out apparatus shown 
in Figures 32A and 32B is constituted in the same man- 



ner a& that in the embodiment of the eighth radiation 
image read-out apparatus in accordance wrth the 
present invention, which is shown in Figures 23A and 
29B, except that, in fteu cf toe shifting means 60, a 
5 sheet reversing mean* 70 & employed. The sheet 
reversing means 70 reverses the front and back sur- 
faces of the sheet 250 after ihe emitted tight M has. been 
detected from the front surface 0.©. ► the uppsr surface in 
Figure 32A) of tie sheet 250. 
ro [0367] Specifically, in tfiis embodiment of the ninth 
radiation image read-out apparatus in accordance with 
die present invention, the laser beam L is irradiated to 
the front surface of the sheet 250, and the light M emit- 
ted from the front surface of the sheet 250 is detected. 
is The image signal S correspondngto the emitted tight M 
is fed into the image mforrnaSon reading means 130. 
Thereafter, the sheet reversing means 70 reverses the 
front and back surfaces of the sheet 250. Also, the 
direction of conveyance of the conveyor belts 40 A and 
20 406 is reversed. The laser beam L irradiated to the 
back surface of the sheet 250, and the fight M' emitted 
from the back surface of the sheet 250 is detected. The 
image signal S r corresponding to the emitted light M* is 
fed into the image information reading means 1 30. 
25 (0368] The Image information reading means 130 
receives the image' signal S, which has been obtained 
from the tine sensor 1 20 when the front surface of the 
sheet 250 was exposed to toe- laser beam L, and the 
image signal SV which has been obtained from the. tine 
so sensor 120 when the back surface of the sheet 250 was 
exposed to the laser beam L The image information 
reading means 130 discriminates which signal compo- 
nent Q or Q' corresponds to which pixel on the sheet 
250 corresponding to the amount of displacement of the 
35 conveyor belts 40A and 40B. Also, the image informa- 
tion reading means 130 p erfo r ms weighted addition 
processing with a predetermined addition ratio on the 
signal compo ne nt s of the two image signals S and 5', 
which image signal components represent correspond- 
40 ing pixels on the front and back surfaces of the sheet 
250. In this manner, an addition signal is obtained. 
[0369] As described above, with this embodiment of 
the ninth radiation image read-out apparatus in accord- 
ance with the present invention, the addition signal is 
45 obtained from the addition processing of the two image 
signals S and S' detected from the front and back sur- 
faces of the sheet 250. tn the addition signal, noise 
occurring at random on the front and back surfaces of 
the sheet 250 is dispersed in the effective Image storing 
so region of the sheet 250. Therefore, noise components 
can be rendered irnperceptibte with respect to the entire 
sheet 250. Also, since the light M emitted from the front 
surface of the sheet 250 and the Hght M' emitted from 
the back surface of the sheet 250 are respectively col- 
es tectede* foe front and back surfaces of the sheet 250, 
the light collecting efficiency can be enhanced. As a 
resutt, an image signal having a markedly enhanced 
signal-to-noise ratio can be obtained. 
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[0370]. In the aforesaid embodiment of the ninth radi- 
ation image read-out apparatus in accordance with the 
present invoctuorv pad erf foe optical path at the laser 
beamL and part of the optical patfrof iheHght Remitted 
from the front surface of the sheet 250 overlap each 
other, and the size of fte apparatus is reduced. How- 
ever, the ninth radiation image read-out apparatus in 
accordance with the present inventor is not limited to 
such, a constitution. Also, in the aforesaid ertibocfiments 
of the ninth r ad iat ion image read-out- ap p a r a t u s m 
accordance with the present invenfcon. the line sensor 
cornprisrng a plurality of rows of the photoelectric con- 
version devices 21, 21. ... as shown trv figure 2. 7 A. or 
7 By and the anisotropic sheet shown in Figures 1 7 A and 
17B of Figure 1 7C may also be employed. 
[03711 Embodiments of the tenth* eleventh* and 
twelfth relation image read-out apparatuses U\ accord- 
ance with the present invention will be described here- 
intoetow. 

[0372] Figure 33A is a perspective view showing an 
errtoodiment of the tenth radiation image read-out appa- 
ratus in accordance with the present invention. Figure 
33B: cs a sectional view taken on tine M of Figure 33A. 
Figures 34 and 34B are sectional views showing 
examples of sUmutatte phosphor sheets for energy sub- 
traction processing, which may be employed in the 
embodiment of Figures 33A and 33SL 
[0373] A stimulable phosphor sheet 350 shown in Fig- 
ure 34A comprises two stimulabte phosphor layers 354 
and 354', which are formed from materials having differ- 
ent radation energy absorption characteristics. When 
radiation carrying image information of a single object is 
irradiated onto one surface side of the stimulable phos- 
phor sheet 350, two radiation images are formed with 
radiation having different energy distributions on the 
stimulable phosphor layer 354, which is located on the 
front surface side (i.e., the upper side in Figure 34A) of 
the sheet 350, and the stimulable phosphor layer 354V 
which is located on the back surface side (i.e., the lower 
side In Figure 34A) of the sheet 350. A stimulable phos- 
phor sheet 360 shown in Figure 34B comprises two 
stimulable phosphor layers 354, 354, which are formed 
from the same material, and a radiation energy separa- 
tion tutor 355 intervening between the two stimulable 
phosphor layers 354, 354. As in the cases of the sheet 
350 shown in Figure 34 A, when radiation carrying 
image Information of a single object is irradiated onto 
one surface side of the stimulable phosphor sheet 360, 
two radiation images are formed with radiation having 
different energy distributions on the stimulable phos- 
phor layer 354, which is located on the front surface side 
of foe sheet 360, and the stfmufable phosphor layer 354. 
which is located on the back surface side of the sheet 
360. 

[0374] in this entxxJiment, the sheet 350 shown in 
Figure 34A is employed. However, it Is also possible to 
employ the sheet 360 shown in Figure 34B. 
[0375] With reference to Figures 33A and 338, the 



racfiation image read-out apparatus comprises the con- 
veyor belts 40A and 40B for supporting the sheet 350 
for energy subtraction processing, which cs shown in 
Figure 34A, and conveying the sheet 350 tt> the dtrec- 

5 tat indicated by the arrow Y. On the front stimutabte 
phosphor layer 354 and the back strmulabfe phosphor 
layer 354' of the sheet 350, two radiation images of A 
single object have been formed with radiation having 
dnTerent energy dfemTautions, The. radiation image read- 

ta out apparatus also comprises the broad area" semteonr 
doctor laser (hereihbefow referred to as the BLD) 11 for 
radiating out a linear laser bearrrL having a linear pat- 
tern with a line width of approximately 100pm and hav- 
ing wavelengths tailing within the range of 500 run to 

is 700nm. The laser beam L is radiated out approximately 

in parallel with the front surface of the sheet 350. The 

raulation image read-out apparatus further comprises 
foe optical system t?, which is constituted of a combi- 
nation of a collimator lens- for coIUmating the linear laser 

20 beam. L having been radiated out of the BLD 11 and a 
fork: lens for expanding the beam only in one direction. 
The racfiation image read-out apparatus stilt further 
comprises thedichrotc mirror 14 , which Is located at an 
angle of 45 degrees with respect to the front surface of 

25 frie sheet 350 and which is set so-as to reflect th* laser 
beam L arid, to transmit emitted Ugh! rtt described later. 
The racfiation image read-out apparatus also comprises 
the first SELFOC lens array 15 The first SELFOC tens 
array 15 converges the linear laser beam U which has 

30 been reflected from the dicfiroic muror 14, No a linear 
beam (having a line width of approximately tOOurn) 
extending along the direction indicated by the anew X 
(parallel to the side edge of the sheet 350) on the sheet 
350. Also, the first SELFOC Fens array 15collimatesthe 

35 emitted M„ which is emitted from the front surface (i.e., 
the upper surface in Figure 33A) of tie sheet 350 
exposed to the linear laser beam L and which carries 
image information of the radiation image stored on the 
sheet 350. The radiation image read-out apparatus fur- 

40 ther comprises the second SELFOC lens array 16 for 
converging the emitted tight M, which has been cotli- 
mated by the first SELFOC lens array 15 and has then 
passed flvough the dichroic mirror 14, onto fight receiv- 
ing surfaces of photoelectric conversion devices 21, 21. 

4i? ... constituting the fine sensor 120, which will be 
described later. The radiation image read-out apparatus 
stiff tamer comprises the stimulating ray cut-off f 3ter 17 
for transmitting only the emitted tight M and f iltering out 
the laser beam L, which has been reflected from the 

so front surface of the sheet 350 and which ts mixed 
slightly In the emitted light W having passed through the 
second SELFOC lens array 16. The radiation image 
readout apparatus also comprises the line sensor 120, 
which Is constituted of a plurality of photoelectric con- 
55 version devices 21 « 21 , ... for receiving the emitted fight 
M having passed through the stimulating ray cut-off titter 
17 and for photoeiectricaiiy converting the emitied light 
M. The radiation image read-out apparatus further com- 



52 



103 



EP0&4 2&A2 



104 



prises the stimulating ray cut-off filter 1 7*. The stimulat- 
ing ray cut-off filter 1T transmits only the emitted light 
M\ which emanates from the back surface (i.e., the 
lower surface in Figure 33A) of the sheet 350- Tne stim- 
ulating ray cut-off filter 1 7' fitters out the laser beam L, 
which has passed through the sheet 350 and emanates 
slightly from the back surface of the sheet 350 together 
with the emitted fight M\ The radiation image read-out 
apparatus also comprises the third SELFOC lens array 
16' for converging the emitted light M', which has 
passed through the stimulating ray cut-off filter 17*. onto 
the light receiving surfaces of the photoelectric conver- 
sion devices 21 \ 21 \ ,„ constituting the line sensor 1 20', 
which wtil be described later. The radiation image read- 
out apparatus further comprises the line sensor 120\ 
which is constituted of a plurality of the photoelectric 
conversion devices 21', 2V, ... for receiving the emitted 
light M' having passed through the third SELFOC lens 
array 16' and for photoelectrical^ converting the emitted 
light M\ The radiation image read-out apparatus still fur- 
ther comprises Image information reading means 130- 
The image information reading means 130 reads an 
Image signal SL made up of signal exponents (out- 
puts) obtained from the photoelectric conversion 
devices 21, 21, ... constituting the line sensor 120 and 
an image signal SH made up of signal components (out- 
puts} obtained from the photoelectric conversion 
devices 21 \ 21 \ ... constituting the line sensor 120'. 
Also, the image information reading means 130 per- 
forms a subtraction process on signal consonants of 
the two image signals SL and SH, which image signal 
components represent corresponding pixels on the front 
and back surfaces of the sheet 350. The subtraction 
process is performed with Formula (1) shown below. 



Sproc=Ka • SH-Kb • SL+Kc 



(D 



20 



35 



&0 



35 



in which Sproc represents the subtraction image signal 
obtained from the subtraction process, each of Ka and 
Kb represents the weight factor, and Kc represents the 
bias component (Ka, Kb, and Kc will hereinbelow be 
referred to as the parameters for the subtraction proc- 
ess), SH represents the image signal made up of signal 
components obtained from the photoelectric conversion 
devices 21\ 21\ ... constituting the line sensor 120* (I.e., 
the high energy image signal representing the radiation 
image formed with radiation having a high energy level), 
and SL represents the image signal made up of signal 
components obtained from the photoelectric conversion 
devices 21,21, ... constituting the line sensor 120 (i.e., 
the low energy image signal representing the radiation 
image farmed with radiation having a low energy level). 
The subtraction process is performed by subtraction 
processing means (not shown) incorporated in the 
image information reading means 130. 
[0376] The first SELFOC lens array 1 5 acts such that 
an image of the emission area of the emitted light M on 
the sheet 350 is formed in one-to-one size relationship 
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on the image surface at the dichroic mirror 14. The sec- 
ond SELFOC lens array 16 acts such that an image of 
the emitted light M on the dichroic mirror 14 is formed in 
one-to-one size relationship on the image surface at the 
light receiving surfaces of the photoelectric conversion 
devices 21, 21. ... The third SELFOC lens array 15' acts 
such that an image of the emitted light M' on the back 
surface erf the sheet 350 is formed in one-to-one size 
relationship on the image surface at the light receiving 
surfaces of the photoelectric conversion devices 2\\ 
2V. ... of the line sensor 120'. 
[03773 The line sensor 120 and the line sensor 120' 
are constituted in the same manner as that illustrated in 
Figure 27. 

[0378] As described above, on the front stimulate 
phosphor layer 354 and the back stimulable phosphor 
layer 354" of the sheet 350, two radiation images have 
been formed with radiation having different energy dis- 
tributions. Specifically, when radiation carrying image 
information of a single object is irradiated onto the stim- 
ulate phosphor layer 354, which is located on the front 
surface side of the sheet 350. the two radiation images 
are formed with radiation having different energy distri- 
butions on the front Ktimulabie phosphor layer 354 and 
the back stimutabie phosphor layer 354' of the sheet 
350- On the badc'stlrouiabfe phosphor layer 3S4\ the 
radiation image is formed with radiation having an 
energy distribution, in which the low energy compo- 
nents of the radiation have been suppressed compara- 
tively, on the front stimtiable phosphor layer 354 t the 
radiation image is formed with radiation having an 
energy distribution, in which the low energy compo- 
nents of the radiation have been enhanced in compari- 
son with the back stimuiabie phosphor layer 354'. 
[0379] How this embodiment of the tenth radiation 
image read-out apparatus in accordance with the 
present invention operates will be described hereinbe- 
low. 

[G3S0] Firstly, the conveyor belts 40A and 4GB move 
in the direction indicated by the arrow Y, and the sheet 
350, on which the radiation images have been stored 
and which is supported on the conveyor belts 40A and 
40B, is conveyed in the direction indicated by the arrow 
Y. The conveyance speed of the sheet 350 is equal to 
the movement speed of the conveyor belts 40A and 
40B. Information representing the movement speed of 
the cor^veyor belts 40A and 40B is fed into the image 
information reading means 130. 
[0381 ] The BLD 1 1 radiates out the laser beam L hav- 
ing a linear pattern with a line width of approximately 
100tim. The laser beam L is radiated out approximately 
in parallel with the front surface of the sheet 350. Tne 
laser beam L is estimated by the optica) system 12. 
which is constituted of the collimator lens and the tone 
lens and is located in the optical path of the laser beam 
L The coHimated laser beam L is reflected from the 
dichroic mirror 14 to the direction that impinges perpen- 
dicularly upon the front surface of the sheet 350. The 
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reflected laser beam L is converged by the first 
SELFOC lens array 1 5 into a linear beam (having a line 
width d L of apprcDdmately 100*im) extending along the 
direction indicated by the arrow X on the sheet 350. 
[0382] The laser beam L impinging upon the sheet s 
350 stimulates the areas of the stimulabie phosphor lay- 
ers 354 and 354', which areas correspond to the 
exposed area of the sheet 350. As a result the light M. 
which carries the image information stored on the stim- 
ulabie phosphor layer 354, is emitted from the front sur- 10 
face of the sheet 350. Also, the light M\ which carries 
the image information stored on the stimulabie phos- 
phor layer 354\ is emitted from the back surface of the 
sheet 350. 

[0383] The light M emitted from the front surface of the is 
sheet 350 is cottimated by the first SELFOC lens array 
15, passes through the dichroic mirror 14, and is con- 
verged by the second SELFOC lens array 16 onto each 
of the light receiving surfaces of the photoelectric con- 
version devices 21, 21, ... constituting the line sensor 20 
120. At this time, the laser beam L, which has been 
reflected from the front surface of the sheet 350 and is 
mixed slightly in the emitted light M having passed 
through the second SELFOC lens array 16, is filtered 
out by the stimulating ray cut-off filter 17. 25 
[0384] The emitted light M having passed through the 
stimulating ray cut-off filter 1 7 Is received by the photo- 
electric conversion devices 21, 21. ... constituting the 
line sensor 120 and photoelectrical^ converted into sig- 
nal components Q, O. ... The image signal SL made up so 
of the signal components Q, Q, ... is fed into the image 
Information reading means 130. 
[0385] The light M* emitted from the back surface of 
the sheet 350 passes through the stimulating ray cut-off 
filter 17' and impinges upon the third SELFOC lens 35 
array 16'. At this time, the laser beam L having passed 
through the sheet 350 is slightly radiated from the back 
surface of the sheet 350 together with the emitted light 
M*. The laser beam L mixed in the emitted light M' is fil- 
tered out by the stimulating ray cut-off filter 17". 40 
[0386] The emitted light M* having passed through the 
stimulating ray cut-off filter 1 7 is converged by the third 
SELFOC lens array 16' onto each of the light receiving 
surfaces of the photoelectric conversion devices 2V. 
21 \ ... constituting the tine sensor 120'. The emitted light 45 
M' having thus been converged is received by the pho- 
toelectric conversion devices 2V, 2V, ... constituting the 
line sensor 120' and photoeiectricaliy converted into 
signal components Q\ Q\ ... The image signal SH made 
up of the signal components Q\ Q', ... is fed into the so 
Image information reading means 130. 
[0387] The image information reading means 130 
receives the image signal SL from the line sensor 120 
and receives the image signal SH from the line 6ensor 
120*. The image information reading means 130 dis- 55 
criminates which signal component Q or Q' corresponds 
to which pixel on the sheet 350 corresponding to the 
amount of displacement of the conveyor belts 40A and 
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40B. Also, the subtraction processing means (not 
shown) incorporated in the image information reading 
means 130 performs the subtraction process on the sig- 
nal components of the two image signals SL and SH, 
which signal components represent corresponding pix- 
els on the front and back surfaces of the sheet 350. The 
subtraction process is performed with Formula (1) 
shown above. 

[0388] As descrtoed above, with this embodiment of 
the tenth radiation image read-out apparatus in accord- 
ance with the present invention, the subtraction image 
signal Sproc can be obtained easily from the image sig- 
nals SL and SH having been detected from the front and 
back surfaces of the sheet 350. 
[0389] In the aforesaid embodiment of the tenth radi- 
ation Image read-out apparatus in accordance with the 
present Invention, part of the optical path of the laser 
beam L and part of the optical path of the light M emitted 
from the front surface of the sheet 350 overlap each 
other, and the size of the apparatus is reduced. Alterna- 
tively, as illustrated in Figure 35, the tenth radiation 
image read-out apparatus in accordance with the 
present invention maybe constituted such that the opti- 
cal path of the laser beam L and the optical path of the 
tight emitted M do not overlap each other. Also, the 
embodiment of Figure 35 may be modified such that a 
line light source is located also on the back surface side 
of the sheet 350. In such a modrf icatioa it is necessary 
for a sheet provided with a substrate formed from a 
material permeable to the stimulating rays to be 
employed 

[0390] In the tenth radiation image read-but apparatus 
in accordance with the present invention, in lieu of the 
line sensors 120 and 120', the line sensor 20 having the 
constitution shown in Figure 2 and a line sensor 20' of 
the same type may be employed. 
[0391] With the embodiment of the tenth radiation 
image read-out apparatus in accordance with the 
present invention, wherein the line sensors 20 and 20* 
comprising a plurality of rows of photoelectric conver- 
sion devices 21, 21, ... or a plurality of rows of photoe- 
lectric conversion devices 21', 21 \ ... are employed, the 
same effects as those of the aforesaid embodiment of 
the tenth radiation image read-out apparatus in accord- 
ance with the present invention can be obtained. Also, 
in cases where the tight receiving width (i.e., the width in 
the minor axis direction of the line sensor 20) of each of 
the photoelectric conversion devices 21, 21, ... is 
shorter than the tine width of the emitted light M (i.e. , the 
distribution width shown in the emitted light intensity dis- 
tribution diagram in Figure 2) the line sensor 20 as a 
whole can receive the emitted light M over approxi- 
mately the entire Hne width of the emitted light There- 
fore, the light receiving efficiency can be enhanced. 
According y, for example, in cases where, after the laser 
beam L having the beam width d L (shown in Figure 3A) 
approximately equal to the fight receiving width of the 
photoelectric conversion device row 20B impinges upon 
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the sheet 350, the laser beam L is scattered in the sheet 
350 and stimulates the area having a width (the width 
d M ) larger than the beam width d L , and the light M and 
the light M 1 (with the intensity distribution shown in Fig- 
ure 3C) having a beam width d M larger than the light { 
receiving width of the photoelectric conversion device 
row 20B are emitted as illustrated in Figure 3B, the emit- 
ted light M and the emitted light M* having the wide 
beam width can be received efficiently. 
[0392] As each of the line sensors 20 and 20' compris- 
ing a plurality of rows of photoelectric conversion 
devices 21, 21, ... or a plurality of rows of photoelectric 

conversion devices 2 V, 21 ' the line sensor 80 shown 

in Figure 7A or the line sensor 90 shown in Figure 7B 
may be employed. 

{0393] Also, in the emborJmente of the tenth radiation 
image readout apparatus in accordance wttrr the 
present invention, as the sheet 350, the anisotropic 
sheet 370 shown in Figure 36A and 36B or the aniso- 
tropic sheet 380 shown in Figure 36C may also be 
employed. Specifically, in the sheet 370, each of the 
stimulable phosphor layers 354 and 354' is partitioned 
by a stimulating ray reflecting partition member 35 1, 
which extends in the thickness direction of the sheet 
370. Into a plurality of fine celte C, C, ... As in the sheet 

350 shown In Figure 34A, the sheet 370 having the sec- 
tional structure shown in Figure 36B comprises the two 
stimulable phosphor layers 354 and 354* formed from 
materials having different radiation energy absorption 
characteristics. Also, each of the stimulable phosphor 
layers 354 and 354' is partitioned by the stimulating ray 
reflecting partition member 351 into the plurality of the 
fine cells C, C, ... As in the sheet 360 shown in Figure 
34B, the sheet 380 having the sectional structure shown 
in Figure 36C comprises the two stimulable phosphor 
layers 354, 354, which are formed from the same mate- 
rial, and the radiation energy separation filter 355 inter- 
vening between the two stimulable phosphor layers 354, 
354. Also, each of the two stimulable phosphor layers 
354, 354 is partitioned by the stimulating ray reflecting 
partition member 351 into the plurality of the fine cells C, 
C ... 

[0394] The stimulating ray reflecting partition member 

351 constituting the anisotropic sheet is formed from a 
material capable of reflecting the laser beam L and 
transmitting the emitted light M and the emitted light M\ 
The stimulating ray reflecting partition member 35 1 sup- 
presses the scattering of the laser beam L to the direc- 
tion In which the sheet surface extends. Therefore, the 
Sharpness of the image reproduced from the image sig- 
nal having been obtained from the photoelectric conver- 
sion can be enhanced. 

[0395] Figure 37A is a perspective view showing an 
embodiment of the eleventh radiation image read-out 
apparatus in accordance with the present invention. Fig- 
ure 37B is a sectional view taken on line l-l of Figure 
37A. 

[0396] The embodiment of Figures 37A and 37B has 
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basically the same constitution as that of the embodi- 
ment shown in Figures 29A and 29B. 
[9397] A sheet 390 employed in the embodiment of 
the eleventh radiation image read-out apparatus in 
accordance with the present invention may have one of 
structures shown in Figures 34A. 34B, 36A. 36B, and 
36C. In the sheet 390, an intermediate layer, which Is 
formed from a material blocking the stimulating rays, or 
a radiation energy separation filter containing such a 
material is formed between the front stimutabte phos- 
phor layer 354 and the back stimulable phosphor layer 
354 or 354*. 

[0398] How this embodiment of the eleventh radiation 
image read-out apparatus in accordance with fte 
present invention operates wiH be described heretnbe- 
low. 

[0399] Firstly, the conveyor befts 40A and 400 move 
in me direction indicated by the arrow Y, and the sheet 
390, on which the radiation images have been stored 
and which is supported on the conveyor belts 40A and 
40B, is conveyed in the direction indicated by the arrow 
Y. The conveyance speed of the- sheet 390 is equal to 
the movement speed of the conveyor belts 40A and 
40B. Information representing tfie movement speed of 
the conveyor befts 40 A and 40B is fed into the image 
information reading means 130. 
[0400] The BUD t1 radiates out the laser beam L hav- 
ing a linear pattern with a line width of approximately 
lOOjim The laser beam Lis ra di a t ed out approximately 
in parallel with the front surface of the sheet 390. The 
laser beam L is collimated by the optical system 12, 
which is constituted of the collimator lens and the toric 
lens and is located in the optical path of the laser beam 
L The collimated laser beam L is reflected from the 
dichroic mirror 14 to the direction that impinges perpen- 
dicularly upon the front surface of the sheet 390. The 
reflected laser beam L is converged by the first 
SELFOC lens array 15 into a linear beam extending 
along the direction indicated by the arrow X on the front 
surface of the sheet 390. 

[0401] i The laser beam L impinging upon the sheet 
390 stimulates the stimulable phosphor layer 354 at the 
exposed iarea of the front surface of the sheet 390. As a 
resutt. the light M carrying the image Information stored 
on the stimulable phosphor layer 354 is emitted from th* 
front surface of the sheet 390. At this time, since the 
laser beam L does not pass through the- intermediate 
layer (or the radiation energy separation filter) of the 
sheet 390, ft does not stimulate- the stimulable phosphor 
layer 354 (or 354') at the back surface of the sheet 390. 
Therefore, no light is emitted from the back surface of 
the sheet 390. 

[0402] The light M emitted from the front surface of the 
sheet 390 ts colUmated by the first SELFOC lens- anay 
15, passes through the dichroic mirror 14, and is con- 
verged by the second SELFOC lens array Ifc onto each 
of the light receiving surfaces of the photoelectric con- 
version devices 21, 21, ... coristituting the line sensor 
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120. At this time, the laser beam U which has been 
reflected from the front surface of the sheet 390 and is 
mixed slightly in the emitted light M having passed 
through the second SELFOC lens array 16, is filtered 
out by the stimulating ray cut-off filter 17. 
[0403] The emitted fight M having passed through the 
stimulating ray cut-off filter 17 is received by the photo- 
electric conversion devices 21, 21 f ... constituting the 
line sensor 120 and photoelectrically converted into sig- 
nal components Q, Q, ... The image signal SL made up 
of the signal components Q. Q, ... is fed into the image 
information reading means 130. 
[0404] When the image signal SL has been detected 
from the entire front surface of the sheet 390, the shift- 
ing means 60 shifts the light guiding optical system, 
which contains the line sensor 120 and the BID 1 1, to 
the back surface side of the sheet 390. 
[0405] Also, the conveyor belts 40A and 40B moves 
reversely in the direction indicated by the arrow -Y, and 
the sheet 390, which is supported on the conveyor belts 
40A and 40B, is conveyed in the direction indicated by 
the arrow -Y The BLD 11 having been shifted to the 
back surface side of the sheet 390 radiates out the laser 
beam L having a linear pattern with a line width of 
approximately 100um. The laser beam L is radiated out 
approximately in parallel with the back surface of the 
sheet 390. The laser beam L is coltimated by the optical 
system 12, which is constituted of the collimator lens 
and the toric lens and is located in the optical path of the 
laser beam L The collimated laser beam L is reflected 
from the dichroic mirror H to the direction that impinges 
perpendicularly upon the back surface of the sheet 390. 
The reflected laser beam L is converged by the first 
SELFOC lens array 15 into a linear beam extending 
along the direction indicated by the arrow X on the back 
surface of the sheet 390. 

[0406] The laser beam L impinging upon the sheet 
390 stimulates the stimulabie phosphor layer 354 (or 
354*) at the exposed area of the back surface of the 
sheet 390. As a result, the light M* carrying the image 
information stored on the stimulabie phosphor layer 354 
(or 354*) is emitted from the back surface of the sheet 
390. 

[0407] The light M' emitted from the back surface of 
the sheet 390 is collimated by the first SELFOC lens 
array 15, passes through the dichroic mirror 14, and is 
converged by the second SELFOC lens array 16 onto 
each of the light receiving surfaces of the photoelectric 
conversion devices 21,21, ... constituting the line sen- 
sor 120. At this time, the laser beam L which has been 
reflected from the back surface of the sheet 390 and is 
mixed slightly in the emitted light M having passed 
through the second SELFOC lens array 16, is filtered 
out by the stimulating ray cut-off tater 17. 
[0408] The emitted light M' having passed through the 
stimulating ray cut-off filter 17 is received by the photo- 
electric conversion devices 21, 21, ... constituting the 
line sensor 120 and photoelectrically converted into sig- 



nal components Q\ Q\ ... The image signal SH made up 
of the signal components Q\ Q\ ... is fed into the image 
information reading means 130. 
[0409] The image information reading means 130 
5 receives the image signal SL, which has been obtained 
from the line sensor 120 when the front surface of the 
sheet 390 was exposed to the laser beam L, and the 
image signal SH, which has been obtained from the tine 
sensor 1 20 when the back surface of the sheet 390 was 
to exposed to the laser beam L The image information 
reading means 130 discriminates which signal compo- 
nent Q or Q' corresponds to which pixel on the sheet 
390 corresponding to the amount of displacement of the 
conveyor belts 40A and 40& Also, the subtraction 
is processing means (not shown) incorporated in the 
Image information reading means 130 performs the 
subtraction process on the signal components of the 
two image signals SL and SH. which signal components 
represent corresponding pixels on the front and back 
20 surfaces of the sheet 390. 

[0410] As described above, with this embodiment of 
the eleventh radiation image read-out apparatus in 
accordance with the present invention, the subtraction 
image signal Sproc can be obtained easily from the 
25 image signals SL and SH having been detected from 
the front and back surfaces of the sheet 350. 
[041 1 ] In the aforesaid embodiment of the eleventh 
radiation image readout apparatus In accordance with 
the present invention, part of the optical path of the laser 
30 beam L and part of the optical path of the light M emitted 
from the front surface of the sheet 390 overlap each 
other, and the size of the apparatus is reduced. Alterna- 
tively, as illustrated in Figure 38, the eleventh raotation 
image read-out apparatus in accordance with the 
& present invention may be constituted such that the opti- 
cal path of the laser beam Land the optical path of the 
light emitted M do not overlap each other. Also, as illus- 
trated in Figure 39, the BLD 11 and the line sensor 120 
maybe located on opposite surface sides of the sheet 
40 390- 

[0412] In the aforesaid embodiments of the eleventh 
radiation image read-out apparatus in accordance with 
the present invention, the fine sensor comprising a plu- 
rality of rows of the photoelectric conversion devices 21 . 
45 21, ... as shown in Figure 2, 7A, or 7B, and the aniso- 
tropic sheet shown in Figure 36A, 36B, or 36C may also 
be employed. 

[0413] Figure 40A is a perspective view showing an 
embodiment of the twelfth radiation image read-out 
so apparatus in accordance with the present invention. Fig- 
ure 40B is a sectional view taken on line l-l of Figure 
40A. 

[0414] The radiation image read-out apparatus shown 
in Figures 40A and 40B is constituted in the same man- 
65 ner as that in the embodiment of the eleventh radiation 
image read-out apparatus in accordance with the 
present invention, which is shown in Figures 37A and 
37B, except that in lieu of the shifting means 60, the 
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sheet reversing means 70 is employed. The sheet 
reversing means 70 reverses the front and back sur- 
faces of the sheet 390 after the emitted light M has been 
detected from the front surface (i.e., the upper surface in 
Figure 40A) of the sheet 390. 
[0415] Specifically; in this ernbodiment of the twelfth 
radiation image read-out apparatus in accordance with 
the present invention, the laser beam L is irradiated to 
the front surface of the sheet 390, and the light M emit' 
ted from the front surface of the sheet 390 is detected. 
Trie image signal SL corresporefing to the emitted light 
M is fed into the image information reading means 130, 
Thereafter, the sheet reversing means 70 reverses the 
front and back surfaces of the sheet 390. Also, the 
direction of conveyance of the conveyor belts 40A and 
40B is reversed. The laser beam L is irradiated to the 
back surface of the sheet 390. and the light M ( emitted 
from the back surface of the sheet 390 Is detected. The 
image signal SH corresponding to the emitted light M' is 
fed Into the image information rearing means 130. 
[0416] The image information reading means 130 
receives the image signal SL, which has been obtained 
from the line sensor 120 when the front surface of the 
sheet 390 was exposed to the laser beam L, and the 
image signal SH, which has been obtained from the line 
sensor 1 20 when the back surface of the 6heet 390 was 
exposed to the laser beam L The image information 
reading means 130 discriminates which signal compo- 
nent Q or Q' corresponds to which pixel on the sheet 
390 corresponding to the amount of displacement of the 
conveyor belts 40A and 40B. Also, the subtraction 
processing means (not shown) incorporated in the 
image information reading means 130 performs the 
subtraction process on the signal components of the 
two image signals SL and SH, which signal components 
represent corresponding pixels on the front and back 
surfaces of the sheet 390. 

[041 7] As described above, with this embodiment of 
the twelfth radiation image read-out apparatus in 
accordance with the present invention, the subtraction 
image signal Sproc can be obtained easily from the 
image signals SL and SH having been detected from 
the front and back surfaces of the sheet 350. 
[041 8] In the aforesaid embodiment of the twelfth radi- 
ation image read-out apparatus in accordance with the 
present invention, part of the optical path of the laser 
beam Land part of the optical path of the light M emitted 
from the front surface of the sheet 390 overlap each 
other, and the size of the apparatus is reduced. How- 
ever, the twelfth radiation image read-out apparatus in 
accordance with the present invention is not limited to 
such a constitution. Also, in the aforesaid embodiments 
of the twelfth radiation image read-out apparatus in 
accordance with the present invention, the line sensor 
comprising a plurality of rows of the photoelectric con- 
version devices 21 , 21 , ... as shown in Figure-2, 7A, or 
7B, and the anisotropic sheet shown in Figure 36A, 36B, 
or 36C may also be employed. 



[0415] Embodiments of the fourteenth radiation image 
read-out apparatus in accordance with the present 
invention will be described heretnbetow. 
[0420] In the embodiments of the fourteenth radiation 

s image read-out apparatus in accordance with the 
present invention, a back ittuminated type of CCD image 
sensor (hereinbelow referred to as the BT-CCO image 
sensor) is employed as the line sensor 20 in the ernborJ- 
iments described above with reference to Figures 1A, 

to 1B and Figures 2 through 9 and as the line sensor 120 
in the ernbodimerrts described above with reference to 
Figures 1 tA, 11B and Figure 12. 
8)4211 In this case, the line sensor 20 or 120 is sup- 
ported on cooling means (not shown) utilizing a Peltier 

15 device and is cooled when the apparatus is operating. 
Besides the cooling means utilizing the Peltier device, 
one of various known cooling techniques, such as a 
cooling technique utilizing a heat sink, may be 
empfoyed. 

20 [0422} Rgure 41 is a graph showing typical spectral 
sensitivity characteristics of the BT-CCD image sensor 
and spectral sensitivity characteristics of an ordinarily 
utilized front illuminated type of CCD image sensor for 
comparison. As shown in Figure 41, the quantum effi- 

2s ciency of the BT-CCD image sensor is higher than that 
of the ordinarily utilized front illuminated type of CCD 
image sensor over the ultraviolet to infrared region. 
Therefore, it is possible to obtain an image signal having 
a higher level than with the ordinarily utilized front iilumi- 

30 nated type of CCD image sensor. As a result, an image 
having good image quality with a high signal-to-noise 
ratio can be obtained. 

[0423] Also, the BT-CCD image sensor has the char- 
acteristic features in that, in the ultraviolet to blue 

35 region, the quantum efficiency is markedly high (e.g., at 
least 50%). (In the ultraviolet to blue region, the quan- 
tum efficiency of the front illuminated type of CCD 
image sensor is approximately zero.) Therefore! in 
cases where the BT-CCD image sensor is utilized as the 

40 line sensor 20 or 1 20 and in combination with a stirnuta- 
bie phosphor sheet emitting blue light, the emitted light 
utilization efficiency can be enhanced markedly, and 
markedly large effects of obtaining images having good 
quality can be obtained. 

45 [0424] The line sensor 20 or 120 is cooled by the cool- 
ing means (not shown), and thermal noise is thereby 
suppressed. Figure 42 is a graph showing typical dark 
output (loga/ithrnic scale) - temperature characteristics 
of the BT-CCD image sensor. As shown in Rgure 42, in 

so cases where the BT-CCD image sensor is cooled, the 
dark output can be reduced, and an image having good 
image quality with suppressed noise can be obtained in 
the embodiments, the setting temperature of the cooling 
means is set at approximately -20°C, and the dark out- 

55- put is approximately 1 0 (e^ixel/sec) . 

[0425] The detection limit of the BT-CCD image sen- 
sor cooled tor suppressing thermal noise is 20 (elec- 
tron/jpixel). Since the CCD photoelectric conversion 
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efficiency is equal to 0.995 and the quantum efficiency 
at a wavelength of 400nm is equal to 0.6, the detection 
limit photon number of the BT-CCD image sensor is 
equal to 34 (photon/pixel). The detection limit of the BT- 
CCD image sensor is higher than the detection limit of a 
photomultipiier, but is not markedly different from the 
detection limit of the photomultipiier. Therefore, in cases 
where the BT-CCD image sensor is utilized, the same 
level of image quality as that with an apparatus utilizing 
the photomultipiier can be obtained. 
[0426] In cases where a photodiode array with an 
amplifier is utilized, its detection limit is* for example, 
approximately 1 ,250 (electron/pixel). Since the quantum 
efficiency of the photodiode array with an amplifier at a 
wavelength of 400nm is equal to 0.57; if the photoelec- 
tric conversion efficiency is approximately equal to 1, 
the detection limit photon number of the photodiode 
array with an amplifier is equal to approximately 2,000 
(photon/pixel). However, this value contains an increase 
in noise due to array formation. Therefore, in cases 
where the photodiode array with an amplifier is utilized 
as the light receiving device, the detection limit value 
decreases by 2 to 3 orders often, and the same level of 
image quality as that with an apparatus utilizing the pho- 
tomultipiier cannot be obtained. In the cases of the pho- 
tomuttiplier, 6.4 photons emitted from a SOn-size pixel 
sheet can be detected. 

[0427] The image signal S obtained in the manner 
described above is obtained by detecting blue light emit- 
ted by the sheet 50 by utilizing the BT-CCD Image sen- 
sor as the line sensor 2Q or 12G. Therefore, the 
efficiency with which the emitted light is utilized can be 
enhanced markedly, and an image having a high signal- 
to-notse ratio can be obtained. 
[0428] The line sensor 20 or 120 described above is 
illustrated as being one which is produced as a long line 
sensor having a length corresponding to the width of the 
stmuiable phosphor sheet with a single production 
process. Currently, it is not imposstole but is not easy to 
produce the long line sensor as a single member due to 
limitation upon the current CCD production techniques, 
such as pixel shift and location of the cooling means. 
Figures 43A through 43J show a technique for solving 
the technical problems described above. With the tech- 
nique shown in Figures 43A through 43J, a plurality of 
back illuminated type of CCD image sensor chips (here- 
inbelow referred to as the BT-CCD image sensor chips), 
each of which is smaller than the width of the stimuiabte 
phosphor sheet, are utilized. The plurality of the BT- 
CCD image sensor chips are arrayed along the length 
direction of the linear area of the stimulate phosphor 
sheet, i.e., along the major axis direction (indicated by 
the arrow X), such that they may have a total length cor- 
responding to the width of the stimuiabte phosphor 
sheet In this manner, a single BT-CCD image sensor is 
constituted. Figure 43A shows a BT-CCD line sensor 
520 comprising a plurality of BT-CCD image sensor 
chips 522, 522, ... arrayed in a straight line along the 



major axis direction (indicated by the arrow X). Figure 
43B shows a BT-CCD line sensor 530 comprising a plu- 
rality of BT-CCD image sensor chips 522, 522, ... 
arrayed in a zigzag pattern along the major axis direc- 
$ tion (indicated by the arrow X), such that adjacent BT- 
CCD image sensor chips 522, 522 do not overlap each 
other. Figure 43C shows a BT-CCD line sensor 540 
comprising a plurality of BT-CCD image sensor chips 
522, 522, ... arrayed in a zigzag pattern along the major 
10 axis direction (indicated by the arrow X), such that adja- 
cent BT-CCD image sensor chips 522, 522 partly over- 
lap each other. In Figures 43B and 43C, at tree regions 
indicated by the """ mark, which are not occupied by the 

BT-CCD image sensor chips 522. 522 electric cir- 

13 curts for pixel shift compensation, electric circuits for 
cooling, and other elements can be located. 
[0429] Figures 43 D, 43E, 43F, and 43G show exam- 
ples of array patterns of the photoelectric conversion 
devices 21, 21, ... constituting each of the BT-CCD 
20 Image sensor ch^ps 522, 522, ... The BT-CCD Image 
sensor chip 522 shown in Figure 43D employs the array 
pattern in the line sensor 120 shown in Figure 12. In the 
BT-CCD image sensor chip 522 shown in Figure 43D, a 
plurality of the photoelectric conversion devices 21,21, 
25 ... are arrayed in a straight line along the direction indi- 
cated by the arrow X?The BT-CCD image sensor chip 
522 shown in Figure 43E employs the array pattern in 
the line sensor 20 shown in Figure 2. In the BT-CCD 
image sensor chip 522 shown in Figure 43E, a plurality 
30 of rows of the photoelectric conversion devices 21,21, 
... are located in parallel. Specifically, in the BT-CCD 
image sensor chip 522 shown in Ftgure 43 E, the photo- 
electric conversion devices 2t, 21, ... are arrayed along 
the direction indicated by the arrow X and thus consti- 
35 tuts one row. A plurality of (in this case, three) such rows 
of the photoelectric conversion devices 21, 21, ... 
extending atong the direction indicated by the arrow X 
stand side by side in the direction of sheet conveyance 
(indicated by the arrow Y). The BT-CCD Image sensor 
40 chip 522 shown in Figure 43 F employs the array pattern 
in the line sensor 80 shown in Figure 7A. Specifically, in 
the BT-CCD image sensor chip 522 shown in Figure 
43F, the photoelectric conversion devices 21, 21, ... are 
arrayed in a straight line along the major axis direction 
45 (indicated by the arrow X) and in a zigzag pattern along 
the minor axis direction (indicated by the arrow Y). Trie 
BT-CCD image sensor chip 522 shown in Figure 43Q 
employs the array pattern in the tine sensor 90 shown in 
Figure 7B. Specifically, In the BT-CCD Image sensor 
so chip 522 shown in Figure 43G, the photoelectric conver- 
sion devices 21, 21, ... are arrayed in a straight line 
along the minor axis direction (indicated by the arrow Y) 
and in a zigzag pattern along the major axis direction 
(indicated by the arrow X). By way of example, in cases 
55 where the number of the photoelectric conversion 
devices 21, 21 , ... arrayed in each row along the major 
axis direction (indicated by the arrow X) in the Kne sen- 
sor 520, 530, or 540 is equal to 1 ,000, the number of the 
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photoelectric conversion devices 21, 21, ... arrayed 
along the major axis direction (indicated by the arrow X) 
in one BT-CCD image sensor chip 522 may fail within 
the range of 1/100 to 1/10. 

[0430] Trie BT-CCD image sensor chips 522. 522, ... 
constituting each of the line sensors 520. 530, and 540 
shown in Figures 43A, 43B, and 43C may take one of 
array patterns shown in Figures 43D, 43E, 43F, and 
43G. Also, in the line sensors 520, 530, and 540 shown 
in Figures 43A, 43B, and 43C T the BT-CCD image sen- 
sor chips 522. 522, ... are arrayed such that the length 
direction (indicated by the arrow X) of each BT-CCD 
image sensor chip 522 may coincide with the length 
direction (indicated by the arrow X) of the line sensor. 
Alternatively, as in tine sensors 550. 560, and 570 illus- 
trated In Figures 43H, 431, and 43J, the BT-CCD image 
sensor chips 522, 522, ... may be arrayed such that the 
width direction (indicated by the arrow Y) of each BT- 
CCD image sensor chip 522 may coincide with the 
length direction (indicated by the arrow X) of the line 
sensor. WHh the line sensors shown in Figures 43A, 
43B, 43C, 43H, 431. and 43J, in accordance with the 
array patterns of the BT-CCD image sensor chips 522, 
522, the same effects as those of the line sensors 
20, 80. 90, and 120 shown in Figures 2, 7A, 7B, and t2 
can be obtained. 

10431 ] With the technique described above, wherein 
one BT-CCD line sensor is constituted by arraying plu- 
rality of the BT-CCD image sensor chips along the major 
axis direction (indicated by the arrow X) such that they 
may have a total length corresponding to the width of 
the stimulabie phosphor sheet the line sensor can be 
produced with a simple production process, the yield of 
the products in the production process can be 
enhanced, and the cost can be kept low. 
[0432] Further, signal components can be taken from 
each of the BT-CCD image sensor chips, and therefore 
compensation for pixel shift can be performed more 
easily than when the entire line sensor is produced as a 

single member. Particularly, as illustrated in Figure 43C, 
in cases where the BT-CCD image sensor chips 622, 
522, ... are arrayed in a zigzag pattern such that adja- 
cent BT-CCD image sensor chips 522, 522 partly over- 
lap each other, the compensation for pixel shift 
becomes more easy by the utilization of data at the 
overlapping portions. 

[0433] In cases where a plurality of BT-CCD image 
sensor chips are arrayed along the major axis direction 
(indicated by the arrow X), the arraying should prefera- 
bly be performed such that no insensible zone may 
occur at joints, if such arraying is cfifficuH to perform, 
processing for compensation for the insensible zone 
should preferably be performed on the image signal 
such that the joints may be connected smoothly in the 
reproduced image. 

[0434] The stimulabie phosphor sheet utilized in the 
fourteenth radiation image redd-out apparatus in 
accordance with the present invention may be a stimu- 



labie phosphor sheet for energy subtraction processing, 
which stores two radiation Images of a single object 
formed with radiation having different energy distribu- 
tions, the stimulabie phosphor sheet being capable of 

5 emitting light, which carries information of one of the two 
radiation images, from a front surface, and emitting 
fight which carries information of the other radiation 
image, from a back surface. Also two tine sensors con- 
stituted of the BT-CCD image sensors may be utilized, 

10 each of which is located on one of the front and back 
surface sides of the stimulabie phosphor sheet, the two 
line sensors detecting two image signals, each of which 
is made up of a series of image signal components rep- 
resenting pixels in the- radiation image, from the front 

is and back surfaces of the stfmurabte phosphor sheet. 
Further, the apparatus may be provided with reading 
means lor performing a subtraction process on image 
signal components of the two image signals, which 
image signal components represent corresponding pix- 

20 els on the front and back surfaces of the stimulabie 
phosphor sheet. In such cases, as each of the two line 
sensors located on opposite surface sides of the stimu- 
labie phosphor sheet, a BT-CCD image sensor, which Is 
constituted in the manner described above by arraying 

25 plurality of the BT-CCD image sensor chips along the- 
length direction of the linear area of the stimulabie phos- 
phor sheet such that they may have a total length corre- 
sponding to the width of the stimulate phosphor sheet, 
may be utilized. 

so [0435} As the stimulabie phosphor sheet for energy 
subtraction processing, it is possible to employ an ani- 
sotropic stimulabie phosphor sheet, such as a stimula- 
te phosphor sheet wherein the tight emission region of 
the stimulabie phosphor sheet is partitioned by a stimu- 

35 lating ray reflecting partition member, which extends in 
the thickness direction of the stimulabie prosphor 
sheet into a plurality of fine cells. 
[0436] In the aforesaid embodiments of the fourteenth 
radiation image readout apparatus fn accordance with 

40 the present invention, wherein the line light source and 
the line sensor are utilized, the back illuminated type of 
CCD image sensor is employed as the line sensor. In an 
embodiment of the thirteenth radiation image read-out 
apparatus in accordance with the present invention, 

as wherein the light emitted by a stimulabie phosphor 
sheet on which a radiation image has been stored, is 
detected with an area sensor, the back illuminated type 
of CCD image sensor may also be employed as the 
area sensor. 

so [0437] In such cases, instead of the area sensor cov- 
ering the entire surface of the stimulabie phosphor 
sheet being produced with a single production process, 
the back illuminated type of CCD image sensor covering 
the entire surface of the stimulabie phosphor sheet as a 

55 whole may be produced by arraying a plurality of BT- 
CCD image sensor chips each having a small area. 
[0438] Embodiments of the fifteenth radiation image 
read-out apparatus in accordance with the present 
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invention will be described hereinbetow. 
[0439] In the embodiments of the fifteenth radiation 
image read-out apparatus in accordance with the 
present invention, an organic EL device is employed as 
the fine light source in lieu of the BLD 11 in the embodi- 
ments described above with reference to Figures 1 A, 1 B 
and Figures 2 through 9 and as the line sensor 120 in 
the embodiments described above with reference to 
Figures 1 1A, 1 1B and Figure 12. 
[0440J The organic EL device 1 1 may be one which 
produces linear stimulating rays L having a line width of 
approximately 100nm and wavelengths falling within the 
range of 600nm to 700nm (red light). The organic EL 
device 11 may be of one of various materials and one of 
various structures and may be produced by one of vari- 
ous production processes. As the material for red light 
emission, Rhodamine dielectrics, oxazine dielectrics, 
Eu (111) complexes, and the like, are preferable. The 
organic EL device 1 1 may be constituted of a combina- 
tion of a white light emitting device and a red color fitter. 
[04411 1" to* embodiments of the fifteenth radiation 
image read-out apparatus in accordance with the 
present invention, the linear stimulating rays L imping- 
ing upon the sheet 50 is produced by the organic EL 
device 1 1 capable of undergoing high luminance emis- 
sion and Is advantageous over the fluorescence pro- 
duced by a fluorescent lamp and light radiated out from 
an LED array in that the directivity of the stimulating rays 
is high, the intensity of the stimulating rays is high, and 
therefore high stimulation energy can be imparted to the 
stimulabte phosphor sheet Accordingly, the stimulating 
rays L can sufficiently stimulate the stimuiable phosphor 
at the exposed area (having a tine width of approxi- 
mately 100jim). As a result, the blue light M of high 
intensity carrying the image information stored on the 
sheet 50 is emitted by the stimuiable phosphor at the 
exposed area. 

[0442] Ordinarily, in the cases of a broad area laser, 
the size of the system containing a control system is 
comparatively large, and the broad area laser is not 
very easy to process. Also, a laser system is compara- 
tively expensive. The organic EL device 1 1 is advanta- 
geous in that it is compact (thin), cheap, and easy to 
process. 7 

[0443] As descrbed above, in the embodiments of the 
fifteenth radiation image read-out apparatus in accord- 
ance with the present invention, the image signal S 
made up of the signal components Q r Q, ... is the one 
obtained from the emitted light M caused to occur by 
being stimulated by the stimulating rays L having high 
stimulation energy. Therefore, an image having a higher 
signal-to-noise ratio can be obtained than with an image 
signal obtained from the fluorescence produced by a 
fluorescent lamp or tight radiated out from an LED array. 
[0444] Trie apparatus may further comprises the mon- 
itoring means 65 (shown in Figure 11 A) for monitoring 
the intensity of the stimulating rays L radiated out of the 
organic EL device 1 1 , and the modulating means 75 for 



modulating the emission intensity of the organic EL 
device 1 1 in accordance with the results of the monitor- 
ing with the monitoring means 65 such that the power of 
the organic EL device 1 1 may become equal to a prede- 

s termined value. When fluctuation in intensity of the stim- 
ulating rays L radiated out of the organic EL device 1 1 is 
detected, the organic EL device 11 may be modulated 
by the modulating means 75 such that the intensity of 
the stimulating rays L may become equal to a predeter- 

10 mined value. 

[0445] The fifteenth radiation image read-out appara- 
tus in accordance with the present invention is not lim- 
ited to the embodiments described above and may be 
embodied in various other ways, For example, in the 

is embodiments described above, the red stimulating rays 
having wavelengths falling within the range of 600nrn to 
700 nm are utilized. However, the stimulating rays are 
not limited to such stimulating rays and may be selected 
from those having wavelengths appropriate for the stirn- 

20 ulation wavelength range for the stimuiable phosphor 
sheet utilized. 

[0446] For example, as the carrier transporting layer 
or light emission layer of the organic EL device, it is pos- 
sible to utilize anthracene dielectrics, perylene dielec- 

25 tries, azomethine-ztnc complexes, N-arytbenzirnidazDle, 
beryllium and Sc complexes of 5-hydroxy-chromone, 
distyrytaitytene dielectrics* and the like. In such cases, 
blue light emission can be effected with the organic EL 
device, and therefore the blue light can be utilized as the 

so stimulating rays. 

[0447] Also, it is possible to utilize metal complexes 
such as Akfe, coumarin dielectrics, quinacridone dielec- 
trics, tris(2,4-p^iTtadierto)-1,10-r^ 
rtaphthalimide dielectrics, coronene dielectrics, and the 

35 like. In such cases, the blue light emitted by the organic 
EL device can be utilized as the stimulating rays; In 
cases where rubrene dielectrics are utilized, yellow light 
can be utilized as the stimulating rays. However, the 
materials are not limited to those described above. Also, 

40 doping materials should preferably be utilized in order to 
enhance the light emission efficiency. 
[0448] Ordinarily, basic device structures of the 
organic EL device include DL-H, DL-E, and TL struc- 
tures. However, the structures are not limited to these 

45 structures and may be or may not be a laminated struc- 
ture. As the production process, any of various, proc- 
esses, such as a vacuum evaporation process and 
casting process, may be employed. 
[0449] The technique tor utilizing the organic EL 

so device as the stimulating ray source is not limited to the 
constitution utilizing the line light source and the line 
sensor and may be employed in various radiation image 
read-out apparatuses tor detecting the tight emitted by a 
stimuiable phosphor sheet, on which a radiation image 

55 has been stored. In such various apparatuses, the 
organic EL device may be utilized as the stimulating ray 
source. 

[0450] Embodiments of the seventeenth radiation 
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image read-out apparatus in accordance with the 
present invention will be described hereinbelow. 
[0451] Figure 44 is a perspective view showing an 
embodiment of the seventeenth radiation Image read- 
out apparatus in accordance with the present invention. 
Rgure 45 is a side view showing the ernbodiment of Fig- 
ure 44. 

[0452] With reference to Figures 44 and 45, the radi- 
ation image read-out apparatus comprises the scanning 
belt 40 for supporting the sheet 50, on which a radiation 
image has been stored, and conveying the sheet 50 in 
the direction indicated by the arrow Y. The radiation 
image read-out apparatus also comprises a broad area 
semiconductor laser (hereinbelow referred to as the 
BLD) 1 1 for radiating out a linear laser beam L having a 
linear pattern with a line width of approximately 100pm 
and having wavelengths faffing within the range of 
600nmto 700nm (or 500nrn to 800nm). The laser beam 
L is radiated out at an angle of approximately 45 
degrees with respect to the front surface of me sheet 
50. The radiation image read-out apparatus further 
comprises the optical system 12, which is constituted of 
a combination of a converging lens for converging the 
linear laser beam L having been radiated out of the BLD 
11 and a tone lens for expanding the beam only in one 
direction. The radiation image read-out apparatus still 
further comprises a converging lens array (i.e., a lens 
comprising a plurality of arrayed converging tenses) 13 
for converging the emitted light M emitted by the sheet 
50 stimulated by the laser beam L coming from the opti- 
cal system 12. The radiation image read-out apparatus 
also comprises the line sensor 20, which is constituted 
of a plurality of the arrayed photoelectric conversion 
devices 21 , 21 , ... for receiving the emitted light M hav- 
ing been converged by the converging lens array 13. 
The radiation image read-out apparatus further com- 
prises the image information reading means 30. The 
image information reading means 30 reads outputs of 
the photoelectric conversion devices 21, 21, ... consti- 
tuting the line sensor 20 and feeds out an image signal, 
which is made up of the outputs, into an image process- 
ing unit, or the like. 

[0453] The converging lens array 13 converges the 
light M, which is emitted from the linear area of the 
sheet 50 exposed to the laser beam L, onto each of the 
light receiving surfaces of the photoelectric conversion 
devices 21, 21, ... constituting the line sensor 20. The 
converging lens array 13 has been subjected to coloring 
so as to have the characteristics of the stimulating ray 
cut-off fitter for filtering out the laser beam L and trans- 
mitting only the emitted light M. Therefore, the converg- 
ing lens array 1 3 attenuates and blocks the laser beam 
L, which has been reflected from the front surface of the 
sheet 50 and is mixed in the emitted fight M. 
[0454] Further, the converging lens array 13 consti- 
tutes an image forming optical system for forming an 
image (an erect equi-magnification image) of the emis* 
sion area of the emitted light M on the sheet 50 in one- 



to-one size relationship on the light receiving surfaces 
of the photoelectric conversion devices 21, 21, ... No 
optical part or the like, is inserted between the sheet 50 
and the converging lens array 13 as well as between the 

$ converging lens array 13 and the tine sensor 20. There- 
fore, the angular aperture (the numerical aperture) of 
each converging lens constituting the converging lens 
array 13 may be set to be large, and the spacing 
between the sheet 50 and the converging tens array 13 

10 and the spacing between the converging lens array 13 
and the tine sensor 20 may be kept small. In this man- 
ner, the optical system for forming an erect equi-mag/ti- 
fcation image on each- photoelectric conversion device 
21 with a high light collecting efficiency and high resolu- 

is tfon can be formed easily. 

[0455] Each of the photoelectric conversion devices 
21, 21> ... constituting the tine sensor 20 has the light 
receiving surface having a size of approximately 
1 00^x1 OOjim. Also, the magnification of the converg- 

20 ing tens array 13 constituting the image forming optical 
system is equal to 1. Therefore, each photoelectric corr- 
versiondevice21 receives the tight emitted from the site 
having a size of approximately 100(imxt00^tm on the 
front surface of the sheet 50. As the photoelectric con- 

2s version devices 2t, 21 amorphous silicon sensors, 

CCD Image sensors, MOS image sensors, or the like, 
may be employed. 

[0456] How this embodiment of the seventeenth radi- 
ation image read-out apparatus, in accordance with the 
30 present invention operates will be described hereinbe- 
low. 

[0457] Firstly, the scanning belt 40 moves in the direc- 
tion indicated by the arrow Y, and the sheet 50, on which 
the radiation image has been stored and which is sup- 

35 ported on the scanning belt 40, is conveyed in the direc- 
tion indicated by the arrow Y The conveyance speed of 
the sheet 50 is equal to the movement speed of the 
scanning belt 40. Information representing the move- 
ment speed of the scanning belt 40 is fed into the image 

40 information reading means 30. 

[0458] The BLD 1 1 radiates out the laser beam L hav- 
ing a linear pattern with a line width of approximately 
10Onm. The laser beam L is radiated out at an angle of 
approximately 45 degrees with respect to the front sur- 

45 face of the sheet 50. The laser beam L is collected and 
expanded in one direction by the optical system 12 r 
which is constituted of the converging lens and the toric 
lens and is located in the optical path of the taser beam 
L In this manner, the linear laser beam L (having a Hne 

so width of approximately 100um) extending along the 
direction indicated by the arrow X impinges upon the 
sheet 50. 

[04591 The laser beam L impinging upon the sheet 50 
fe advantageous over the fluorescence produced by a 
55 fluorescent lamp and light radiated out from an LED 
array in that the directivity of the stimulating rays is high, 
the intensity of the stimulating rays is high, and there- 
fore high stimulation energy can be imparted to the 
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stimulate phosphor sheet. Accordingly, the laser beam 
L can sufficiently stimulate the stimulable phosphor at 
the exposed area (having a tine width of approximately 
1 OOpm). As a result the light M of high intensity carrying 
the image information stored on the sheet 50 is emitted 
by the stimulable phosphor at the exposed area. The 
image of the emission area of the light M on the sheet 
50 is formed on the light receiving surfaces of the pho- 
toelectric conversion devices 21, 21, ... At this time, the 
laser beam L, which has been reflected from the front 
surface of the sheet 50 and is mixed in the emitted light 
M, is filtered out by the converging lens array 13. 
[0460] The converging lens array 13 has been sub- 
jected to coloring so as to have the characteristics of the 
stimulating ray cut-off filter for filtering out the laser 
beam L and transmitting only the emitted light M. The fil- 
ter characteristics are such that the light having wave- 
lengths longer than the wavelengths of the emitted light 
M is blocked as much as possible (e.g., attenuated to an 
intensity of 1/10,000 to 1/1.000.000). and light having 
short wavelengths is transmitted. For example, in cases 
where the converging lens array 13 is formed from a 
glass material, the coloring may be performed by add- 
ing a pigment and forming a mixed crystal. In cases 
where the converging lens array 13 is formed from a 
plastic material, the coloring may be performed by add- 
ing a dye, or the like. In this manner, the characteristics 
equivalent to those described above can be obtained. 
[0461 ] The emitted light M having converged by the 
converging lens array 13 onto the photoelectric conver- 
sion devices 21, 21, ... is photoelectrically converted 
into signal components Q. Q, ... The signal components 
Q, Q. ... are fed as an image signal S into the image 
information reading means 30 and fed out into the 
image processing unit, or the tike, such that ft may be 
clear which signal component O corresponds to which 
site on the sheet 50. 

[0462] As described above, with this embodiment of 
the seventeenth radiation image read-out apparatus In 
accordance with the present invention, the light guiding 
optical system having the filter characteristics for trans- 
mitting only the emitted light and blocking the stimulat- 
ing rays is located between the sheet 50 and the line 
sensor 20. Therefore, it Is not necessary fa a particular 
stimulating ray cut-off filter to be inserted in the light 
guiding optical system, and the converging tens array 
13 can be located at a position close to the emission 
area of the sheet 50. Accordingly, a converging lens 
array having a large angular aperture (a large numerical 
aperture) can be employed. As a result, the intensity 
and the position of the light emitted from the exposed 
area of the sheet can be detected with a high light col* 
lecting efficiency and high resolution, and an image 
having high sharpness can be obtained from the thus 
detected image signal. 

[0463] As the converging lens array 13, it is possible 
to employ a distributed index lens array having a refrac- 
tive index distribution in the radial direction, a flat-plate 



micTolens array utilizing three flat-plate lenses having a 
refractive index distribution in the axial direction, a 
spherical lens array constituted by combining a plurality 
of spherical lenses, or the like. 

$ [0464] A Different embodiment of the seventeenth 
radiation image read-out apparatus in accordance with 
the present invention will be described hereinbelow. 
[0465] Figure 46 is a side view showing the different 
embodiment of the seventeenth radiation image read- 

w out apparatus in accordance with the present invention. 
In this embodiment, a stimulable phosphor sheet 50* 
whose substrate is formed from a material permeable to 
the emitted light M is employed. The stimulating rays are 
irradiated onto the front surface of the sheet 50\ and the 

15 emitted light is detected from the back surface of the 
sheet 50\ 

[0466] Specif ically, the radiation image read-out appa- 
ratus illustrated in Figure 9 comprises the conveyor belt 
40' for supporting the leading end portion and the tail 

20 end portion of the stimulable phosphor sheet 50* and 
conveying the sheet 50' in the direction indicated by the 
arrow Y (No image information is stored at the leading 
end portion and the tail end portion of the sheet 50\ or 
image information representing a region other than a 

2s region of interest in the radiation image is stored at the 
leading end portion and the tail end portion of the sheet 
50/.) The radiation image read-out apparatus also com- 
prises the BLD 1 1 for radiating out the linear laser beam 
L along the direction approximately norma! to the front 

so surface of the sheet 50*. The radiation image read-out 
apparatus further comprises the optical system 12, 
which is constituted of a combination of a converging 
lens for converging the linear laser beam L having been 
radiated out of the BLD 1 1 and a toric lens for expanding 

35 the beam only in one direction, and which causes the 
linear laser beam L to impinge upon the front surface of 
the sheet 50'. Tne radiation image read-out apparatus 
still further comprises the converging lens array 13 hav- 
ing an optical axis, which is approximately normal to the 

40 front surface of the sheet 50'. The converging lens array 
13 converges the light M\ which is emitted from the 
back surface of the sheet 50' when the sheet 50' is 
exposed to the laser beam L, onto the light receiving 
surfaces of the photoelectric conversion devices 21 , 2t, 

45 ... constituting the line sensor 20. The radiation image 
read-out apparatus also comprises the line sensor 20, 
which is constituted of the plurality of the photoelectric 
conversion devices 21, 21, .„ for receiving the emitted 
light M' having been converged by the converging lens 

so array 1 3 and for photoelectrically converting the emitted 
light M\ The radiation image read-out apparatus further 
comprises the image information reading means 30. 
The Image information reading means 30 receives the 
signal components Q, Q, ... from the photoelectric con- 

55 version devices 21 , 21 , . constituting the line sensor 20 
and feeds them into the image processing unit, or the 
like, such that it may be dear which signal component Q 
corresponds to which site on the sheet 50*. The other 
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constitutions and the operation are the same as in the 
aforesaid embodiment of the seventeenth radiation 
image read-out apparatus in accordance with the 
present invention. 

[0467] As in the embodiment described above, the 
converging fens array 13 comprises a plurality of 
arrayed image forming lenses for forming an image (an 
erect equi-magnification image) of the emission area of 
the emitted light M on the sheet 50 in one-to-one size 
relationship on the light receiving surfaces of the photo- 
electric conversion devices 21, 21, ... Also, the converg- 
ing lens array 13 has the characteristics of a stimulating 
ray cut-off fitter for filtering out the laser beam L serving 
as the stimulating rays and transmitting only the emitted 
light M 1 . 

[0468] With the constitution of Figure 46, the light 
guiding optical system for forming the image of the 
emission area of the emitted light M' can be Jocated 
such that the optical axis may be normal to the surface 
of the sheet 50'. Therefore, the converging lens array 13 
can be located at a position closer to the sheet 50', and 
the angular aperture (the numerical aperture) can be 
set to be large. As a result, the intensity and the position 
of the light emitted from the exposed area of the sheet 
can be detected with a light collecting efficiency and 
resolution enhanced even further, and an image having 
high sharpness can be obtained from the thus detected 
image signal. 

[0469] A further different embodiment of the seven- 
teenth radiation image readout apparatus in accord- 
ance with the present invention will be described 
hereinbelow. 

[0470] Figure 47 is a side view showing the further dif- 
ferent embodiment of the seventeenth radiation image 
read-out apparatus In accordance with the present 
invention. In this embodiment, the two embodiments of 
the seventeenth radiation image read-out apparatus in 
accordance with the present invention are combined 
with each other. In this ernbodimertt. a stimulate phos- 
phor sheet 50' is employed, which emits light from the 
front and back surfaces when the stimulating rays are 
irradiated to one surface side. The emitted light M and 
the emitted light M' are detected respectively from the 
front and back surfaces of the sheet 50*. 
[0471] Specifically, when the linear laser beam L is 
irradiated from the BLD 1 1 at an angle of approximately 
45 degrees with respect to the front surface of the sheet 
50', the light M and the light M' are emitted respectively 
from the front and back surfaces of the sheet 50*. The 
emitted light M is detected by the photoelectric conver- 
sion devices 21, 21, ... of the line sensor 20 located on 
the front surface side of the sheet 50* and is converted 
Into signal components Q, Q, ... The emitted light M' Is 
detected by the photoelectric conversion devices 21', 
21 \ ... of the line sensor 20' located on the back surface 
side of the sheet 50* and is converted into signal compo- 
nents Q\ Q\ ... The signal components Q, Q, ... and the 
signal components Q\ Q\ ... are fed into the image infor- 



mation reading means 30. The image information read- 
ing means 30 carries out signal processing in order to 
clarify which signal component Q corresponds to which 
site on the front surface of the sheet 50* and to clarify 

5 which signal component Q' corresponds to which site 
on the back surface of the sheet 50*. Also, the image 
irtformation reading means 30 performs addition 
processing on signal components Q and Q\ which cor- 
respond to the light emitted from an identical site on the 

10 sheet 50* to the front surface side and the back surface 
side. The image signaf obtained from the addition 
processing is fed into the image processing unit, or the 
like. The other constitutions and the operation are the 
same as those in the aforesaid two embooiments of the 

is seventeenth radiation image read-out apparatus in 
accordance with the present invention. 
[0472} With the embodiment of the seventeenth radi- 
ation image read-out apparatus in accordance with the 
present invention, wherein the emitted tight is detected 

20 from both the front and back surfaces of the sheet 50', 
the light collecting efficiency can be enhanced even fur- 
ther. 

[0473] The seventeenth radiation image read-out 
apparatus in accordance with the present invention is 

25 not limited to the embodiments described above and 
may be embodiectfn various other ways. For example, 
various known constitutions may be employed as the 
line light source, the tine sensor, or the operation 
means. Also, the radiation image read-out apparatus 

so may further comprise an image processing unit, which 
performs various kinds of signal processing on the 
image signal obtained from the image information read- 
ing means, and/or erasing means for appropriately 
releasing radiation energy remaining on the sheet from 

35 which the image signal has been defected 

[0474] Also, in the embodiments of the seventeenth 
radiation image read-out apparatus in accordance with 
the present invention^ the plurality of the photoelectric 
conversion devices of the line sensor 20 or 20 r and the 

40 lenses constituting the converging lens array 13 maybe 
arrayed in a matrix-like pattern such that they may stand 
in a straight line along each of the major axis direction 
and the minor axis direction. Alternatively, the photoe- 
lectric conversion devices and the lenses may be 

45 arrayed such that they may stand in a straight tine along 
the major axis direction and in a zigzag pattern along 
the minor axis direction. As another alternative, the pho- 
toelectric conversion devices and the lenses may be 
arrayed such that they may stand in a straight fine along 

so the major axis and may be arrayed o bl i qu ely with 
respect to the minor axis direction. 
[0475] As described above, with the ernboc&nents of 
the seventeenth radiation image read-out apparatus hi 
accordance with the present invention, the intensity and 

55 the position of the light emitted from the exposed area of 
the sheet can be detected with a high Ught collecting 
efficiency and high resolution, and an image having 
high sharpness can be obtained from toe thus detected 



$3 



125 



EP0964 269A2 



126 



image signal. 

[04761 Figure 46 is a perspective view showing a dif- 
ferent embodiment of the radiation image read-out 
apparatus in accordance with the present invention. The 
embodiment of Figure 48 is provided with endless belts 
609a and 609b, which are rotated by motors (not 
shown) and convey a reference- image storage sheet 
603 or a stimuiabie phosphor sheet 604 in the direction 
indicated by the arrow Y. An array light source 610, 
which comprises UED's arrayed linearly so as to radiate 
out linear stimulating rays 611, is located above the 
endless berts 609a and 609b. In this embodiment, as an 
aid in facilitating the explanation, the array light source 
610 is located at the position spaced apart from the 
stimuiabie phosphor sheet 604. However, the anray light 
source 610 and the stimuiabie phosphor sheet 604 
should preferably be located dose to each other. A line 
sensor 614 for receiving emitted light 613 from below is 
located under the position that is scanned with the linear 
stimulating rays 61 1 . The line sensor 61 4 extends in the 
direction normai to the direction of conveyance of the 
reference image storage sheet 603 and the stimuiabie 
phosphor sheet 604. The tine sensor 614 is connected 
to an analog-to-digitai converter 617, The analog-tonJig- 
ital converter 617 is connected to operation means 618, 
and the operation means 618 is connected to image 
processing means 619. The radiation image read-cut 
apparatus also comprises a first memory 620, which 
stores a reference image signal A detected from the ref- 
erence image storage sheet 603 constituted of a stimu- 
iabie phosphor sheet having been uniformly exposed to 
radiation in the manner described later, and a second 
memory 621 for storing an image signal S detected 
from the stimuiabie phosphor sheet 604, on which a 
radiation image has been stored. 
10477] The line sensor 61 4 comprises linearly arrayed 
solid-state photoelectric conversion devices, such as 
photoconductors or photodiodes. The signal component 
obtained from photoelectric conversion of the emitted 
light performed by each device represents otib pixel. 
The light receiving surface of the line sensor 614is pro- 
vided with a filter for filtering out the linear stimulating 
rays 61 1 and transmitting only the emitted light. 
[0478] As Illustrated in Figure 48, the stimuiabie phos- 
phor sheet 604 has two cut-away portions 604A, 604A, 
and the reference image storage sheet 603 has two cut- 
away portions 603A, 603A. The positions of the cut- 
away portions 604A, 604A and the cut-away portions 
603A, 603A are detected by a position sensor 625 pro- 
vided on the tine sensor 614. As wit! be described later, 
the positions of the cut-away portions 604A, 604A and 
the cut-away portions 603 A, 603 A detected by the posi- 
tion sensor 625 are taken as reference positions in 
shading compensation. 

[0479] How this embodiment operations will be 
described hereinbelow. 

[0480] Firstly, the reference image storage sheet 603 
constituted of a stimuiabie phosphor sheet having been 
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uniformly exposed to radiation is set on the endless 
belts 609a and 609b. The reference image storage 
sheet 603 having been set at the predetermined posi- 
tion is conveyed by the endless belts 609a and 609b in 
the direction (sub-scanning direction) indicated by the 
arrow Y Also, the linear stimulating rays 611 radiated 
out from the array light source 610 impinges upon the 
reference image storage sheet 603 along the direction 
indicated by the arrow X, which is approximately normal 
to the sub-scanning direction {indicated by the arrow Y). 
When the reference image storage sheet 603 is 
exposed to the linear stimulating rays 61 1 , the exposed 
area emits light 613 carrying the stored image informa- 
tion. The emitted light 613 is received by the Hoe sensor 
614. and the intensity of the emitted light 613 carrying 
the stored image information is converted by the solid- 
stage photoelectric conversion devices, which consti- 
tute the line sensor 614, into an analog reference image 
signal AO. Further, the cut-away portions 603 A ? 603 A of 
the reference image storage sheet 603 are detected by 
the position sensor 625. The thus obtained position sig- 
nal P ts fed into the operation means 61 8. 
[0481] The analog reference image signal AO, which 
has been obtained from the line sensor 61 4> is fed into 
the anaiog-tr>digital converter 6 17 and converted into a 
digital reference image signal A. The reference image 
signal A is stored in the first memory 620. The reference 
image signal A has the signal wave form (the shading 
wave form) with an intensity distribution shown in Figure 
49 due to nonuniformity in irradiation of radiation to the 
stimuiabie phosphor sheet (two-dimensional nonuni- 
formity), nonuniformity in sensitivity of the stimuiabie 
phosphor sheet (two-dimensional nonuniformity), nonu- 
niformity in irradiation of the linear stimulating rays 611 
(one-dimensional nonuniformity}, nonuniformity in effi- 
ciency of irnptrtgement of the emitted tight 613 upon the 
line sensor 61 4- (one-dimensional nonunrtorrnrfy), nonu- 
niformity in sensitivity of the line sensor 6t4 (one- 
dimensional nonuniformity). and the like, fn Figure 49, 
as an aid in facilitating the explanation, the shading 
wave form is illustrated in two-dimensional pattern. 
Actually, the shading wave form is in three-dimensional 
pattern on the surface of the reference image storage 
sheet 603. 

[0482] Thereafter, in the same manner as that 
described above, the stimuiabie phosphor sheet 604, on 
which a radiation image has been stored, is set on the 
endless belts 609a and 609b- and scanned with the lin- 
ear stimutating rays 611, and the radiation image is 
thereby read out In the same manner as that in the ref- 
erence image storage sheet 603, the light 61 3, which is 
emitted by the stimuiabie phosphor sheet 604 scanned 
with the linear stimulating rays 611, Is detected by the 
line sensor 614 and converted Into an analog image sig- 
nal SO. The analog image 6tgnai SO is fed into the ana- 
log-to-digital converter 617 and converted into a digital 
image signal S. The digital image signal S is stored on 
the second memory 621. The image signal S has a 
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wave iorm resulting from superposition of the image S*g- 

nal, which is to bs obtained during the scanning of the 
stirnuiabie phosphor sheet 604, upon the wave form of 
the rsfofsncs ima^s signai A Si icwn in i iQuro 49. 
[0483] Thereafter, the reference image signal A stored 
on the first memory 620 and the image signal S stored 
on the second memory 621 are fed into the operation 
means 618. The operation means 618 performs the 
operation on signal components of the reference image 
signal A and the image signal S, which signal compo- 
nents represent corresponding pixels on the reference 
image storage sheet 603 and the stimulate phosphor 
sheet 604. The operation is performed with Formula (2) 
shewn below. In this manner, a corrected signal S1 is 
obtained from the shading compensation. 



S1(x, y)=S(x, y)/A(x, y) 



(2) 



in which (x, y) represents the coordinates of the pixel. 
[0484] The position signal P, which represents the 
positions of the cut-away portions 603A, 603A of the ref- 
erence image storage sheet 603 and the cut-away por- 
tions 604A, 604A of the stimulate phosphor sheet 604, 
has been fed into the operation means 618. Position 
matching is performed on the reference image signal A 
and the image signal S by taking the position signal P as 
reference, and the operation with Formula (2) shown 
above is carried out. 

[0485] The corrected signal Si is fed into tie image 
processing means 619. In the image processing means 
619, image processing is performed on the corrected 
signal S1 , and a processed image signal 8' is obtained. 
The processed image signal S* is fed into image repro- 
ducing means (not shown) and utilized for reproducing a 
visible image. Alternatively, the processed image signal 
S' is stored on storage means (not shown). The image 
reproduced from the processed image signal S' is free 
from image density nonuniformlty due to nonuntformrty 
in irradiation of radiation, nonuniformity in sensitivity of 
the stimulate phosphor sheet, nonunHormity in irradia- 
tion of the linear stimulating rays 611 , nonuniformrty in 
efficiency of irnpingement of the emitted light 613 upon 
the tine sensor 614, nonuniformity in sensitivity of the 
line sensor 614, and the like. Therefore, the image has 
good image quality and can serve as an effective tool in, 
particularly, the efficient and accurate diagnosis of an ill* 
ness. 

[0486] in this embodiment, the image signal S is 
obtained by reading out the radiation image stored on 
the stimulable phosphor sheet 604 and is stored on the 
second memory 621. Thereafter, shading compensa- 
tion is performed by the operation means 618. Alterna- 
tively, while the radiation image is being read out from 
the stimulate phosphor sheet 604, the operation with 
Formula (2) shown above may be performed on the real 
time basis on the signal components of the image signal 
S that is being obtained and of the reference image sig- 
nal A, which signal components represent correspond- 



ing pixei? on the siirnuiahio pnosphry Rhem fifia ann* the 
reference image storage sheet 6C3. in such cases, the 
operation with Formula (2) shown above may be per-., 
formed for each pixel or for one scanning line. In cases 
s where the corrected signal 61 is obtained in this man- 
ner, the second memory 621 becomes unnecessary, 
and the apparatus constitution can be kept simple. Also, 
since it is unnecessary tor the Image signal S to be 
stored on the second memory 621 , the corrected signal 

io S1 can be obtained quickly. 

[0487] In this embodiment the radiation image stored 
on the stimulate phosphor sheet is read out. However, 
this embodiment is also applicable when a radiation 
image recorded on X-ray film is read out and when other 

15 kinds of images are read out. 

[0488] Also, tn this embodiment, the linear stimulating 
rays 61 1 produced by the array light source 610 is irra- 
diated to the reference image storage sheet 603 and the 
stimulable phosphor sheet 604. Alternatively, one of 

20 other kinds of light sources may be employed. For 
example, the linear stimulating rays may be formed by a 
combination of a divergent light source and a slit 
[0489] Further, in this embodiment, the position 
matching of pixels represented by the reference image 

25 signal A and the image signal S is performed by utilizing 
the cut-away portions 603A, 603A of the reference 
image storage sheet 603 and the cut-away portions 
6Q4A, 604A of the stimulable phosphor sheet 604. Alter- 
natively, in lieu of the cut-away portions 603 A, 603A and 

30 the cut-away portions 604A, 604 A, the reference image 
storage sheet 603 and the stimulable phosphor sheet 
604 may be provided with holes, optical markers, or the 
like, and the position matching of the reference image 
signal A and the image signal S may thereby be 

35 effected. 

Claims 

1 . A radiation image read-out method, comprising the 
40 steps of: 

i) linearly irradiating stimulating rays, which 
have been produced by a line light source, onto 
an area of a front surface of a stimulable phos- 

45 phor sheet on which a radiation image has 

been stored, the stimulating rays causing the 
stimulable phosphor sheet to emit light in pro- 
portion to an amount of energy stored thereon 
during its exposure to radiation, 

so ii) receiving light, which is emitted from the lin- 

ear area of the front surface of the stimulable 
phosphor sheet exposed to the linear stimulat- 
ing rays or from a linear area of a back surface 
of the stimulable phosphor sheet correspond- 

55 ing to said linear area of the front surface of the 

stimulabte phosphor 6heet, with a line sensor 
comprising a plurality of photoelectric conver- 
sion devices arrayed along each of a length 
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direction of said linear area of the stimulabie 
phosphor sheet and a direction normal to said 
length direction, the received light being sub- 
jected to photoelectric conversion performed 
by said line sensor, s 
Hi) moving the sti mutable phosphor sheet with 
respect to said tine light source and said line 
sensor and in a direction different from said 
length direction of said linear area of the stimu- 
labie phosphor sheet, 10 

iv) successively reading outputs of said line 
sensor in accordance with said movement, and 

v) performing operation processing on the out- 
puts of said photoelectric conversion devices, 
which outputs have been obtained at respec- 15 
tive positions of movement and correspond to 

an identical site on the stimulate phosphor 
sheet. 

A method as defined in Claim 1 wherein said line so 
sensor comprises a plurality of sensor chips 
arrayed in a straight line along said length direction 
of said linear area of the stimulate phosphor sheet 

A method as defined in Claim 1 wherein said line 2s 
sensor comprises a plurality of sensor chips 
arrayed in a zigzag pattern along said length direc- 
tion of said linear area of the stimutable phosphor 
sheet. 

30 



A method as defined in Claim 2 or 3 wherein each 
of said sensor chips comprises a plurality of photo- 
electric conversion devices arrayed in two-dimen- 
sional directions. 11, 



guiding means, are utilized in common with each 
other. 

8. A method as defined in Claim 1 , 2, or 3 wherein a 
light emission region of the stimulabie phosphor 
sheet is partitioned by a stimulating ray reflecting 
partition member, which extends in a thickness 
direction of the stimulabie phosphor sheet, into a 
plurality of fine cells. 

9. A method as defined in Claim 1 , 2, or 3 wherein the 
stimulabie phosphor sheet is capable of emitting 
light from the front and back surfaces, 

two line sensors are utilized, each of which is 
located on one of the front and back surface 
sides of the stimulabie phosphor sheet, said 
two line sensors detecting two image signals, 
each of which is made up of a series of image 
signal components representing pixels in the 
radiation image, from the front and back sur- 
faces of the stimulabie phosphor sheet and 
operation processing is performed on image 
signal components of said two image signals, 
which image signal components represent cor- 
responding pixels on the front and back sur- 
faces of the stimulabie phosphor sheet 

10. A method as defined in Claim 9 wherein two line 
light sources are utilized, each of which is located 
on one of the front and back surface sides of the 
stimulabie phosphor sheet 
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5. A method as defined in Claim 1, 2, or 3 wherein 
said tine light source is a broad area laser, which 
linearly radiates out the stimulating rays. 

6. A method as defined in Claim 1 , 2, or 3 wherein the 40 
linear stimulating rays are guided with stimulating 
ray guiding means to the area of the stimulabie 
phosphor sheet, 

the light, which is emitted by the stimulabie 45 
phosphor sheet, is guided with emitted light 
guiding means to said line sensor, and 
at least part of an optical path of the stimulating 
rays from said line light source to the stimulabie 
phosphor sheet and at least part of an optical so 
path of the emitted light from the stimulabie 
phosphor sheet to said line sensor overlap 
each other. 

7. A method as defined in Claim 6 wherein at least ss 12. 
part of optical elements, which constitute said stim- 
ulating ray guiding means, and at least part of opti- 
ca) elements, which constitute said emrtted light 



A method as defined in Claim 1 , 2, or 3 wherein the 
stimulabie phosphor sheet is capable of emitting 
light from the front and back surfaces, 

after detection of the emitted light from one of 
the front and back surfaces of the stimulabie 
phosphor sheet has been finished, said line 
sensor is shifted by sensor shifting means to 
the opposite surface side of the stimulabie 
phosphor sheet, said line sensor thereby 
detecting two image signals, each of which is 
made up of a series of image signal compo- 
nents representing pixels in the radiation 
image, from the front and back surfaces of the 
stimulabie phosphor sheet and 
operation processing is performed on image 
signal cornponents of said two image signals, 
which image signal components represent cor- 
responding pixels on the front and back sur- 
faces of the stimulabie phosphor sheet 

A method as defined in Claim 1 1 wherein said sen- 
sor shifting means shifts both said line sensor and 
said line light source to the opposite surface side of 
the stimutable phosphor sheet 
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1 3. A method as defined in Claim 1 , 2, or 3 wherein the 
stimuiable phosphor sheet is capable of emitting 
light from the front and back surfaces, 

after detection of the emitted light from one of 
the front and back surfaces of the stimuiable 
phosphor sheet has been finished, the front 
and back surfaces of the stimuiable phosphor 
sheet are reversed by sheet reversing means, 
said line sensor thereby detecting two image 
signals, each of which is made up of a series of 
image signal components representing pixels 
in the radiation image, from the front and back 
surfaces of the stimuiable phosphor sheet, and 
operation processing is performed on image 
signal components of said two image signals, 
which image signal components represent cor- 
responding pixels on the front and back sur- 
faces of the stimuiable phosphor sheet. 

14. A method as defined in Claim 9 wherein a light 
emission region of the stimuiable phosphor sheet is 
partitioned by a stimulating ray reflecting partition 
member, which extends in a thickness direction of 
the stimuiable phosphor sheet, into a plurality of 
fine cells. 

15. A method as defined in Claim 11 wherein a light 
emission region of the stimuiable phosphor sheet is 
partitioned by a stimulating ray reflecting partition 
member, which extends in a thickness direction of 
the stimuiable phosphor sheet, into a plurality of 
fine cells. 
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16. A method as defined in Claim 13 wherein a light 
emission region of the stimuiable phosphor sheet is 
partitioned by a stimulating ray reflecting partition 
member, which extends in a thickness direction of 
the stimuiable phosphor sheet, into a plurality of 
fine cells. 40 



17. A method as defined in Claim 9 wherein, in cases 
where said line light source and said line sensor are 
located on the same surface side of the stimuiable 
phosphor sheet, at least part of an optical path of 
the stimulating rays from said line light source to the 
stimuiable phosphor sheet and at least part of an 
optical path of the emitted light from the stimuiable 
phosphor sheet to said line sensor overlap each 
other. 



phosphor sheet to said line censor overlap each 
other. 

19. A method as defined in Claim 13 wherein, in cases 
where said fine light source and said line sensor are 
located on the same surface side of the stimuiable 
phosphor sheet at least part of an optical path of 
the stimulating rays from said line light source to the 
stimuiable phosphor sheet and at least part of an 
optical path of the emitted light from the stimuiable 
phosphor sheet to said line sensor overlap each 
other. 

20. A method as defined in Claim 1 , 2 f or 3 wherein the 
stimuiable phosphor sheet is a stimuiable phosphor 
sheet for energy subtraction processing, which 
stores two radiation Images of a single object 
formed with radiation having different energy distri- 
butions, the stimuiable phosphor sheet being capa- 
ble of emitting light, which carries information of 
one of the two radiation images, from the front sur- 
face, and emitting light which carries information of 
the other radiation image, from the back surface, 

two line sensors are utilized, each of which is 
located on one of the front and back surface 
sides of the stimuiable phosphor sheet, said 
two line sensors detecting two image signals, 
each of which is made up of a series of image 
signal components representing pixels in the 
radiation image, from the front and back sur- 
faces of the stimuiable phosphor sheet and 
a subtraction process is performed on image 
signal components of said two image signals, 
which image signal components represent cor- 
responding pixels on the front and back sur- 
faces of the stimuiable phosphor sheet 



18. A method as defined in Claim 1 1 wherein, in cases 
where said line light source and said line sensor are 
located on the same surface side of the stimuiable 
phosphor sheet, at least part of an optical path of 
the stimulating rays from said line light source to the 
stimuiable phosphor sheet and at least part of an 
optical path of the emitted light from the stimuiable 
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21. A method as defined in Claim 20 wherein two line 
light sources are utilized, each of which is located 
on one of the front and back surtece sides of the 
stimuiable phosphor sheet. 

22. A method as defined in Claim 1 . 2, or 3 wherein the 
stimuiable phosphor sheet is a stimuiable phosphor 
sheet for energy subtraction processing, which 
stores two radiation images of a single object 
formed with radiation having different energy distri- 
butions, the stimuiable phosphor sheet being capa- 
ble of emitting light which carries information of 
one of the two radiation images, from the front sur- 
face, and emitting light which carries information of 
the other radiation image, from the back surface, 

after detection of the emitted light from one of 
the front and back surfaces of the stimuiable 
phosphor sheet has been finished, said line 
sensor is shifted by sensor shifting means to 
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the opposite surface side of the stimulable 
phosphor sheet said line sensor thereby 
detecting two image signals, each of which is 
made up of a series of image signal compo- 
nents representing pixels in the radiation 
image, from the front and back surfaces of the 
stimulable phosphor sheet, and 
a subtraction process is performed on image 
signat components of said two image signals, 
which image signal components represent cor- 
responding pixels on the front and back sur- 
faces of the stimulable phosphor sheet. 

23. A method as defined in Claim 22 wherein said sen- 
sor shifting means shifts both said tine sensor and 
said fine light source to the opposite surface side of 
the stimulable phosphor sheet 



24. A method as def ined in Claim 1, 2, or 3 wherein the 
stimulable phosphor sheet is a stimulable phosphor 
sheet for energy subtraction processing, which 
stores two radiation images of a single object 
formed with nidation having different energy distri- 
butions, the stimulable phosphor sheet being capa- 
ble of emitting light, which carries Information of 
one of the two radiation images, from the front sur- 
face, and emitting light, which carries information of 
the other radiation image, from the back surface, 

after detection of the emitted light from one of 
the front and back surfaces of the stimulable 
phosphor sheet has been finished, the front 
and back surfaces of the stimulable phosphor 
sheet are reversed by sheet reversing means, 
said line sensor thereby detecting two image 
signals, each of which is made up of a series of 
image signal components representing pixels 
in the radiation image, from the front and back 
surfaces of the stimulable phosphor sheet, and 
a subtraction process is performed on image 
signal components of said two image signals, 
which image signal components represent cor- 
responding pixels on the front and back sur- 
faces of the stimulable phosphor sheet. 

25. A method as defined in Claim 20 wherein a light 
emission region of the stimulable phosphor sheet is 
partitioned by a stimulating ray reflecting partition 
member, which extends in a thickness direction of 
the stimulable phosphor sheet, into a plurality of 
fine cells. 

26. A method as defined in Claim 22 wherein a light 
emission region of the stimulable phosphor sheet is 
partitioned by a stimulating ray reflecting partition 
member, which extends in a thickness direction of 
the stimulable phosphor sheet, into a plurality of 
fine celts. 



27. A method as defined in Claim 24 wherein a tight 
emission region of the stimulable phosphor sheet is 
partitioned by a stimulating ray reflecting partition 
member, which extends in a thickness direction of 

5 the stimulable phosphor sheet, into a plurality of 
fine cells. 

28. A method as defined in Claim 20 wherein, in cases 
where said line light source and said line sensor are 

10 located on the same surface side of the stimulable 
phosphor sheet at least part of an optical path of 
the stimulating rays from said line light source to the 
stimulable phosphor sheet and at least part of an 
optical path of the emitted light from the stimulable 

is phosphor sheet to said line sensor overlap each 
ether. 

29. A method as defined in Claim 22 wherein, in cases 
where said line light source and said line sensor are 

20 located on the same surface side of the stimulable 
phosphor sheet at least part of an optical path of 
the stimulating rays from said line tight source to the 
Stimulable phosphor sheet and at least part of an 
optical path of the emitted light from the stimulable 
SB phosphor sheet to said line sensor overlap each 
other. ^ 



30. A method as defined in Claim 24 wherein, in cases 
where said line light source and said line sensor are 

so located on the same surface side of the stimulable 
phosphor sheet at least part of an optical path of 
the stimulating rays from said line light source to the 
stimulable phosphor sheet and at least part of an 
optical path of the emitted light from the stimulable 

55 phosphor sheet to said line sensor overlap each 
other. 

31. A method as defined in Claim 1 wherein said area 
sensor is a back illuminated type of CCD image 
sensor. 



40 



45 



60 



32. A method as defined in Claim 31 wherein said back 
illuminated type of CCD image sensor comprises a 
plurality of back illuminated type of CCD image sen- 
sor chips arrayed in a straight line along said length 
direction of said linear area of the stimulable phos- 
phor sheet 

3a A method as defined in Claim 31 wherein said back 
illuminated type of CCD image sensor comprises a 
plurality of back illuminated type of CCD image sen- 
sor chips arrayed in a zigzag pattern along said 
length direction of said linear area of the stimulable 
phosphor sheet. 
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34. A method as defined in Claim 32 or 33 wherein 
each of said back illuminated type of CCD image 
sensor chips comprises a plurality of photoelectric 
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conversion devices arrayed in two-dimensional 
directions. 

35. A method as def ined in Claim 31 , 32, or 33 wherein 
said back illuminated type of CCD image sensor is s 
cooled with cooling means. 

36. A method as defined in Claim 1, 2, or 3 wherein 
said line light source is constituted of an organic EL 
device. 10 

37. A method as defined in Claim 1 , 2, or 3 wherein the 
light, which is emitted by the stimulable phosphor 
sheet, is guided with light guiding optical system to 
the line sensor, « 



the stimulable phosphor sheet is moved with 
respect to said line light source, said light guid- 
ing optical system, and said line sensor and in 
the direction different from said length direction 
of said linear area of the stimulable phosphor 
sheet, and 

said light guiding optical system has been sub- 
jected to coloring for transmitting only the emit- 
ted fight and f Htering out the stimulating rays. 
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38. A radiation image read-out method, comprising the 
steps of: 

i) linearly irradiating stimulating rays, which 
have been produced by a line light source, onto 
an area of a front surface of a stimulable phos- 
phor sheet, on which a radiation image has 
been stored, the stimulating rays causing the 
stimulable phosphor sheet to emit light in pro- 
portion to an amount of energy stored thereon 
during its exposure to radiation, 

ii) receiving light, which is emitted from the lin- 
ear area of the front surface of the stimulable 
phosphor sheet exposed to the linear stimulat- 
ing rays or from a linear area of a back surface 
of the stimulable phosphor sheet correspond- 
ing to said linear area of the front surface of the 
stimulable phosphor sheet with a line sensor 
comprising a plurality of photoelectric conver- 
sion devices arrayed along a length direction of 
said linear area of the stimulable phosphor 
sheet, the received light being subjected to 
photoelectric conversion performed by said line 
sensor, 

HI) moving the stimulable phosphor sheet with 
respect to said tine light source and said line 
sensor and in a direction different from a length 
direction of said linear area of the stimulable 
phosphor sheet and 

iv) successively reading outputs of said photo- 
electric conversion devices of said line sensor 
in accordance with said movement, 



wherein said line light source is a broad area 
laser, which linearly radiates out the stimulating 
rays. 

39. A radiation image read-out method, comprising the 
steps of: 

i) linearly radiating stimulating rays, which have 
been produced by a line light source, 

ii) guiding the linear stimulating rays to an area 
of a stimulable phosphor sheet, on which a 
radiation image has been stored, with stimulat- 
ing ray guiding means, the stimulating rays 
causing the stimulable phosphor sheet to emit 
light in proportion to an amount of energy 
stored thereon during its exposure to radiation, 
Hi) guiding light which is emitted from the linear 
area of the stimulable phosphor sheet exposed 
to the linear stimulating rays, with emitted light 
guiding means to a line sensor comprising a 
plurality of photoelectric conversion devices 
arrayed along a length direction of said linear 
area of the stimulable phosphor sheet, 
rv) receiving the emitted light with said line sen- 
sor, the received light being subjected to photo- 
electric conversion performed by said line 
sensor, 

v) moving the stimulable phosphor sheet with 
respect to said line light source and said line 
sensor and in a direction different from the 
length direction of said linear area of the stimu- 
lable phosphor sheet, and 

vi) successively reading outputs of said line 
sensor in accordance with said movement 
wherein at least part of an optical path of the 
stimulating rays from said line tight source to 
the stimulable phosphor sheet and at least part 
of an optical path of the emitted light from the 
stimulable phosphor sheet to said line sensor 
overlap each other. 



40. A method as defined in Claim 39 wherein at least 
part of optical elements, which constitute said stim- 
ulating ray guiding means, and at least part of opti- 

45 cal elements, which constitute said emitted light 
guiding means, are utilized in wrnrnon with each 
other. 

41, A radiation image read-out method, comprising the 
so steps of: 

i) linearly irradiating stimulating rays, which 
have been produced by a line light source, onto 
an area of a front surface of a stimulable phos- 
55 phor sheet on which a radiation Image has 

been stored, the stimulating rays causing the 
stimulable phosphor sheet to emit light in pro- 
portion to an amount of energy stored thereon 
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during its exposure to radiation, 
li) receiving light, which is emitted from the lin- 
ear area of the front surface of the stimulable 
phosphor sheet exposed to the linear stimulat- 
ing rays or from a linear area of a back surface $ 
of the stimulate phosphor sheet correspond- 
ing to said linear area of the front surface of the 
stimulate phosphor sheet with a line sensor 
comprising a plurality of photoelectric conver- 
sion devices arrayed along a length direction of to 
said linear area of the stimulate phosphor 
sheet, the received light being subjected to 
photoelectric conversion performed by said line 
sensor, 

iii) moving the stimulable phosphor sheet with is 
respect to said line light source and said tine 

sensor and in a direction different from said 43. 
length direction of said linear area of the stimu- 
lable phosphor sheet, and 

iv) successively reacting outputs of said line so 
sensor in accordance with said movement, 

wherein a light emission region of the stimuta- 44. 
We phosphor sheet is partitioned by a stimulat- 
ing ray reflecting partition member, which 
extends in a thickness direction of the stimula- 
ble phosphor sheet, into a plurality of fine ceils. 

42. A radiation image read-out method, comprising the 
steps of: 

0 linearly irradiating stimulating rays, which 
have been produced by a line light source, onto 
an area of a stimulable phosphor sheet, on 
which a radiation image has been stored, the 
stimulating rays causing the stimulable phos- 
phor sheet to emit light in proportion to an 
amount of energy stored thereon during its 
exposure to radiation, 

ii) receiving light, which is emitted from the lin- 
ear area of the stimulable phosphor sheet 
exposed to the linear stimulating rays, with a 
line sensor comprising a plurality of photoelec- 
tric conversion devices arrayed along a length 
direction of said linear area of the stimulable 
phosphor sheet, the received light being sub- 4s 
jected to photoelectric conversion performed 
by said line sensor, 

iii) moving the stimulable phosphor sheet with 
respect to said line light source and said line 
sensor, and 50 
Iv) reading outputs of said photoelectric con- 
version devices constituting said line sensor, 
which outputs are obtained at respective posi- 
tions of movement, 

wherein the stimulable phosphor sheet is capa- 55 
We of emitting light from front and back sur- 
faces, 
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two line sensors are utilized, each of which 
is located on one of the front and back sur- 
face sides of the stimulable phosphor 
sheet said two line sensors detecting two 
image signals, each of which is made up of 
a series of image signal components rep- 
resenting pixels in the radiation image, 
from the front and back surfaces of the 
stimulable phosphor sheet, and 
operation processing is performed on 
image signal components of said two 
image signals, which image signal compo- 
nents represent corresponding pixels on 
the front and back surfaces of the stimula- 
ble phosphor sheet 

A method as defined in Claim 42 wherein two line 
light sources are utilized, each of which is located 
on one of the front and back surface sides of the 
stimulable phosphor sheet. 

A radiation image read-out method, comprising the 
steps of: 

i) linearly irradiating stimulating rays, which 
have been produced by a line light source, onto 
an area of a stimulable phosphor sheet on 
which a radiation image has been stored, the 
stimulating rays causing the stimulable phos- 
phor sheet to emit light in proportion to an 
amount of energy stored thereon during its 
exposure to radiation, 

li) receiving light which is emitted from the lin- 
ear area of the stimulable phosphor sheet 
exposed to the linear stimulating rays, with a 
line sensor comprising a plurality of photoelec- 
tric conversion devices arrayed along a length 
direction of said Knear area of the stimulable 
phosphor sheet the received light being sub- 
jected to photoelectric conversion performed 
by said line sensor, 

iii) moving the stimulable phosphor sheet with 
respect to said line light source and said line 
sensor, and 

rv) reading outputs of said photoelectric con- 
version devices constituting said line sensor, 
which outputs are obtained at respective posi- 
tions of movement 

wherein the stimulable phosphor sheet is capa- 
ble of emitting light from front and back sur- 
faces, 

after detection of the emitted light from one 
of the front and back surfaces of the stimu- 
lable phosphor sheet has been finished, 
said line sensor is shifted by sensor shift- 
ing means to the opposite surface side of 
the stimulable phosphor sheet said line 
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sensor thereby detecting two image sig- 
nals, each of which is made up of a series 
of image signal components representing 
pixels in the radiation image, from the front 
and back surfaces of tha stimulate phos- 
phor sheet and 

operation processing is performed on 
image signal components of said two 
image signals, which irnaca signal compo- 
nents represent corresponding pixels on 
the front and back surfaces of the stirnuia- 
bie phosphor sheet. 

4s. a m etnas as aefinec in Claim 44 wnerein said sen- 
sor Shiitiny nicttHS Snm5 both 5dkj irne ScffoOf &nu 

said !ins light source to the opposite surface side of 

ii'ie siiiViuiaute ptiGSpi'iOi' £ht&L 
4o. A lauiaiiuri imautj it&tii-uul iitKuiuu : uumuiisitiu ihe 



irradiating 



have been produced by a line iight source, onto 
an area of a stimulate phosphor sheet, on 
which a radiation image has been stored, the 
simulating rays causing the stimulabie phos- 
phor sheet to emit fight in proporti on to an 
amount of energy stored thereon during its 
exposure to radiation, 

fi) receiving light which ts emitted from the iin- so 
ear area of the stirnvtable phosphor sheet 
exposed to the linear stimulating rays, with a 
line sensor comprising a pfurafity of photoelec- 
tric conversion devices arrayed along a length 
direction of said linear area of the stimulabte 35 
phosphor sheet, the received light being sub- 
jected to photoelectric conversion performed 
by said line sensor, 

iii) moving the stimulabie phosphor sheet with 
respect to said line light source and said line *o 
sensor, and 

iv) reading outputs of said photoelectric con- 
version devices constituting said tine sensor, 
which outputs are obtained at respective posi- 
tions of movement, 45 
wherein the stimulabie phosphor sheet is capa- 
ble of emitting light from front and back sur- 
faces, 

after detection of the emitted light from one go 
of the front and back surfaces of the stimu- 
late phosphor sheet has been finished, 
the front and back surfaces of the stimula- 
bie phosphor sheet are reversed by sheet 
reversing means, said line sensor thereby 55 
detecting two image signals, each of which 
is made up of a series of image signal 
components representing pixels in the 



radiation image, from the front and back 
surfaces of the stimulabie phosphor sheet, 
and 

operation processing is performed on 
image signal components of said two 
image signals, which image signal compo- 
nents represent corresponding pixels on 
the front and back surfaces of the stimula- 
bie phosphor sheet. 

47. A method as defined in any of Claims 42 to 46 
wherein a light emission region of the stimulabis 
phosphor sheet is partitioned by a Surnufaiing ray 
reflecting partition member, which extends in a 
uitCKness direction of the suniuiabie phosphor 
sheet, into a plurality of fine cells. 

43. A method as defined in any of Claims -12 to 45 
wneitrifL in i2mt£> whuiu said line liuiit suuue aitu 

scid line ccnccr ore locntcci on the come curfcicc 

bid a of trie siirnuiauiu pi lusprtur shuen. ai ieust pari 

of an optical path of tha stimulating rays from said 
line tight source to the stimulabie phosphor sheet 
and at least part of an optical path of the emitted 
light from the stimulabie phosphor sheet to said l ine 1 m | 
sensor overlap each other. 

4& A radiation image read-out method, comprising the 
steps of: 

i) linearly irradiating stimulating rays, which 
have been produced by a Hne light source, onto 
an area of a stimulabie phosphor sheet on 
which a radiation image has been stored, the 
stimulating rays causing the stimulabie phos- 
phor sheet to emit light in proportion to an 
amount of energy stored thereon during its 
exposure to radiation, 

ii) receiving light which is emitted from the lin- 
ear area of the stimulabie phosphor sheet 
exposed to the linear stimulating rays, with a 
line sensor comprising a plurality of photoelec- 
tric conversion devices arrayed along a length 
direction of said linear area of the stimulabte 
phosphor sheet the received light being sub- 
jected to photoelectric conversion performed 
by said line sensor, 

tii) moving the stimulabie phosphor sheet with 
respect to said line light source and said line 
sensor, and 

iv) reading outputs of said photoelectric con- 
version devices constituting said line sensor, 
which outputs are obtained at respective posi- 
tions of movement, 

wherein the stimulabie phosphor sheet is a 
stimulabie phosphor sheet for energy subtrac- 
tion processing, which stores two radiation 
images of a single object formed with radiation 
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having different energy distributions, the stimu- 
late phosphor sheet being capable of emitting 
light which carries information of one of the 
two radiation images, from a front surface, and 
emitting light, which carries information of the $ 
other radiation image, from a back surface, 

two line sensors are utilized, each of which 
is located on one of the front and back sur- 
face sides of the stimulable phosphor 10 
sheet, said two line sensors detecting two 
image signals, each of which is made up of 
a series of image signal components rep- 
resenting pixels in the radiation image, 
from the front and back surfaces of the is 
stimufabie phosphor sheet, and 
a subtraction process is performed on 
image signal components of said two 
image signals, which image signal compo- 
nents represent corresponding pixels on so 
the front and back surfaces of the stimu ta- 
ble phosphor sheet. 

50. A method as def ined m Claim 49 wherein two line 
light sources are utilized, each of which is located 25 
on one of the front and back surface sides of the 
stimulable phosphor sheet 



51 . A radiation image read-out method, comprising the 

id: 



30 



i) linearly irradiating stimulating rays, which 
have been produced by a line light source, onto 
an area of a stimulable phosphor sheet, on 
which a radiation image has been stored, the 35 
stimulating rays causing the stimulable phos- 
phor sheet to emit light in proportion to an 
amount of energy stored thereon during its 
exposure to radiation, 

ii) receiving light, which is emitted from the I in- 40 
ear area of the stimutable phosphor sheet 
exposed to the linear stimulating rays, with a 
line sensor comprising a plurality of photoelec- 
tric conversion devices arrayed along a length 
direction of said Knear area of the stimulable 45 
phosphor sheet, the received light being sub- 
jected to photoelectric conversion performed 

by said line sensor, 

iii) moving the stimulable phosphor sheet with 
respect to said tine fight source and said line so 
sensor, and 

iv) reading outputs of said photoelectric con- 
version devices constituting said line sensor, 
which outputs are obtained at respective posi- 
tions of movement, 55 
wherein the stimufabie phosphor sheet is a 
stimutable phosphor sheet for energy subtrac- 
tion processing, which stores two radiation 



images of a single object formed with radiation 
having different energy distributions, the stimu- 
lable phosphor sheet being capable of emitting 
light which carries information of one of the 
two radiation images, from a front surface, and 
emitting light, which carries information of the 
other radiation image, from a back surface, 

after detection of the emitted light from one 
of the front and back surfaces of the stimu- 
labia phosphor sheet has been finished, 
said line sensor is shifted by sensor shift- 
ing means to the opposite surface side of 
the stimulable phosphor sheet, said line 
sensor thereby detecting two image sig- 
nals, each of which is made up of a series 
of image signal components representing 
pixels In the radiation image, from the front 
end back surfaces of the stimufabie phos- 
phor sheet, and 

a subtraction process is performed on 
image signal components of said two 
image signals, which image signal compo- 
nents represent corresponding pixels on 
the front and back surfaces of the stimula- 
ble phosphor sheet 

52. A method as defined in Claim 51 wherein said sen- 
sor shifting means shifts both said line sensor and 
said line light source to the opposite surface side of 
the stimulable phosphor sheet. 

53. A radiation image read-out method, comprising the 
steps of: 

I) linearly irradiating stimulating rays, which 
have been produced by a line light source, onto 
an area of a stimufabie phosphor sheet on 
which a radiation image has been stored, the 
stimulating rays causing the stimutable phos- 
phor sheet to emit light In proportion to an 
amount of energy stored thereon during its 
exposure to radiation, 

ii) receiving light which is emitted from the lin- 
ear area of the stimutable phosphor sheet 
exposed to the linear stimulating rays, with a 
line sensor comprising a plurality of photoelec- 
tric conversion devices arrayed along a length 
direction of said linear area of the stimulable 
phosphor sheet the received fight being sub- 
jected to photoelectric conversion performed 
by said line sensor, 

iH) moving the stimulable phosphor sheet with 
respect to said tine light source and said fine 
sensor, and 

iv) reading outputs of said photoelectric con- 
version devices constituting said fine sensor, 
which outputs are obtained at respective posi- 
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tons of movement* 

wherein the stimulate phosphor sheet is a 
stimulate phosphor sheet tor energy subtrac- 
tion processing, which stores two radiation 
images of a single object formed with radiation 5 
having different energy distributions, the stimu- 
late phosphor sheet being capabte of emitting 
fight, which carries information of one of the 
two radiation images, from a front surface, and 
emitting light, which carries information of the ro 
other radiation image, from a back surface, 

after detection of the emitted light from one 
of the front and back surfaces of the stimu- 
labie phosphor sheet has been finished, 15 
the front and back surfaces of the stimula- 
te phosphor sheet are reversed by sheet 
reversing means, said line sensor thereby 
detecting two image signals, each of which 
is made up of a series of image signal 20 
components representing pixels in the 
radiation image, from the front and back 
surfaces of the stimulate phosphor sheet 
and 

a subtraction process is performed on 2s 
image signal components of said two 
image signals, which image signal compo- 
nents represent corresponding pixels on 
the front and back surfaces of the stimula- 
te phosphor sheet. &> 

54. A method as def ined in any of Claims 49 to 53 
wherein a light emission region of the stimulate 
phosphor sheet is partitioned by a stimulating ray 
reflecting partition member, which extends in a as 
thickness direction of the stimulate phosphor 
sheet, into a plurality of fine cells. 

55. A method as defined in any of Claims 49 to 53 
wherein, in cases where said line tight source and 40 
said line sensor are located on the same surface 
side of the stimulate phosphor sheet at least part 

of an optical path of the stimulating rays from said 
line tight source to the stimulate phosphor sheet 
and at least part of an optical path of the emitted 45 
light from the stimulate phosphor sheet to said line 
sensor overlap each other. 

56. A radiation image read-out method, comprising the 
5 of: so 



t) linearly irradiating stimulating rays, which 
have been produced by a tine light source, onto 
an area of a front surface of a stimulate phos- 
phor sheet, on which a radiation image has 
been stored, the stimulating rays causing the 
stimulate phosphor sheet to emit light in pro- 
portion to an amount of energy stored thereon 
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during Hs exposure to radiation, 

ii) receiving light which is emitted from the lin- 
ear area of the front surface of the stimulate 
phosphor sheet exposed to the linear stimulat- 
ing rays or from a linear area of a back surface 
of the stimulate phosphor sheet correspond- 
ing to said linear area of the front surface of the 
stimulate phosphor sheet, with a line sensor 
comprising a plurality of photoelectric conver- 
sion devices arrayed along a length ejection of 
said linear area of the stimulate phosphor 
sheet, the received fight being subjected to 
photoelectric conversion performed by said line 
sensor, 

iii) moving the stimulate phosphor sheet with 
respect to said line light source and said tine 
sensor and in a direction different from a length 
direction of said linear area of the stimulate 
phosphor sheet and 

iv) successively reading outputs of said photo- 
electric conversion devices of said line sensor 
in accordance with said movement, 
wherein said line sensor is a back illuminated 
type of CCD image sensor. 

57. A method as defined in Claim 56 wherein said back 
illuminated type of CCD image sensor comprises a 
plurality of back illuminated type of CCD image sen- 
sor chips arrayed in a straight line along said length 
direction of said linear area of the stimulate phos- 
phor sheet. 

58. A method as def ined in Claim 56 wherein said back 
illuminated type of CCD image sensor comprises a 
plurality of back illuminated type of CCD image sen- 
sor chips arrayed in a zigzag pattern along said 
length direction of said Knear area of the stimulate 
phosphor sheet. 

59. A method as defined in Claim 56, 57, or 58 wherein 
said back illuminated type of CCD image sensor is 
cooled with cooling means. 

60. A radiation image read-out method, comprising the 
steps of: 

i) linearly irradiating stimulating rays, which 
have been produced by a tine tight source, onto 
an area of a front surface of a stimulate phos- 
phor sheet on which a radiation image has 
been stored, the stimulating rays causing the 
stimulate phosphor sheet to emit light in pro- 
portion to an amount of energy stored thereon 
during Hs exposure to radiation, 

ii) receiving light, which is emitted from the lin- 
ear area of the front surface of the stimulate 
phosphor sheet exposed to the linear stimulat- 
ing rays or from a linear area of a back surface 
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of the stimulable phosphor sheet correspond- 
ing to said linear area of the front surface of the 
stimulable phosphor sheet with a line sensor 
comprising a plurality of photoelectric conver- 
sion devices arrayed along a length direction of 5 
said linear area of the stimulable phosphor 
sheet the received light being subjected to 
photoelectric conversion performed by said line 
sensor, 

Hi) moving the stimulable phosphor sheet with 10 
respect to said tine light source and said line 
sensor and in a direction different from a length 
direction of said linear area of the stimulable 
phosphor sheet and 

iv) successively reading outputs of said photo- 15 
electric conversion devices of said Bne sensor 
in accordance with said movement, 
wherein said line light source is constituted of 
anorganic EL device. 

20 

61. A radiation image read-out method, comprising the 
steps of 1 

i) linearty irradiating stimulating rays, which 
have been produced by a tine tight source, onto 25 
an area of a front surface of a stimulable phos- 
phor sheet on which a radiation image has 
been stored, the stimulating rays causing the 
stimulable phosphor sheet to emit light in pro- 
portion to an amount of energy stored thereon ao 
during its exposure to radiation, 

ii) guiding light, which is emitted from the Knear 
area of the front surface of the stimulable phos- 
phor sheet exposed to the linear stimulating 
rays or from a linear area of a back surface of 35 
the stimulable phosphor sheet corresponding 

to said linear area of the front surface of the 
stimulable phosphor sheet, with tight guicfing 
optical system to a line sensor comprising a 
plurality of photoelectric conversion devices 40 
arrayed along a length direction of said linear 
area of the stimulable phosphor sheet 

iii) receiving the emitted tight with said line sen- 
sor, the received tight being subjected to photo- 
electric conversion performed by said tine 45 
sensor, and 

iv) moving the stimulable phosphor sheet with 
respect to said line light source, said light guid- 
ing optical system, and said line sensor and in 

a direction different from a length direction of so 
said linear area of the stimulable phosphor 
sheet, 

wherein said Hght guiding optical system has 
been subjected to coloring for transmitting only 
the emitted light and f ittering out the stimulating ss 
rays. 

62. A radiation image read-out method, comprising the 



steps of: 

i) irradiating stimulating rays, which have been 
produced by a surface light source, onto a front 
surface of a stimulable phosphor sheet, on 
which a radiation image has been stored, the 
stimulating rays causing the stimulable phos- 
phor sheet to emit light in proportion to an 
amount of energy stored thereon during its 
exposure to radiation, 

ii) receiving light, which is emitted from the area 
of the front surface of the stimulable phosphor 
sheet exposed to the stimulating rays or from 
an area of a back surface of the stimulable 
phosphor sheet corresponding to said area of 
the front surface of the stimulable phosphor 
sheet, with an area sensor comprising a plural- 
ity of arrayed photoelectric conversion devices, 
the received light being subjected to photoelec- 
tric conversion performed by said area sensor, 
and 

iii) reading outputs of said photoelectric conver- 
sion devices constituting said area sensor, 
wherein said area sensor is a back illuminated 
type of CCD image sensor. 

IF" 

63. A method as defined In Claim 62 wherein said back 
illuminated type of CCD image sensor comprises a 
plurality of arrayed back illuminated type of CCD 
image sensor chips. 

64. A method as defined in Claim 63 wherein each of 
said back illuminated type of CCD image sensor 
chips comprises a plurality of photoelectric conver- 
sion devices arrayed in two-c&mensional directions. 

65. A method as defined in Claim 62, 63, or 64 wherein 
said back illuminated type of CCD image sensor is 
cooled with cooling means. 

66. A radiation image read-out method, cornprising the 
steps of: 

i) irradiating stimulating rays, which have been 
produced by a surface light source, onto a front 
surface of a stimulate phosphor sheet on 
which a radiation image has been stored, the 
stimulating rays causing the stimulable phos- 
phor sheet to emit fight in proportion to an 
amount of energy stored thereon during its 
exposure to radiation, 

ii) receiving light which is emitted from the area 
of the front surface of the stimulable phosphor 
sheet exposed to the stimulating rays or from 
an area of a back surface of the stimulable 
phosphor sheet corresponding to said area of 
the front surface of the stimulable phosphor 
sheet with an area sensor comprising a piurai- 
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rty of arrayed photoelectric conversion devices, 
the received tight being subjected to photoelec- 
tric conversion performed by said area sensor, 
and 

HQ reading outputs of said photoelectric conver- 
sion devices constituting said area sensor, 
wherein said surface Hc^rt source is constituted 
of an organic EL device. 

67. A radiation image read-out apparatus, comprising: 

i) a line light source for linearly irradiating stim- 
ulating rays onto an area of a front surface of a 
stimulate phosphor sheet, on which a radia- 
tion image has been stored, the stimulating 
rays causing the stimulable phosphor sheet to 
emit light in proportion to an amount of energy 
stored thereon during its exposure to radiation, 
it) a fine sensor for receiving tight, which is 
emitted from the linear area of the front surface 
of the stimulable phosphor sheet exposed to 
the linear stimulating rays or from a linear area 
of a back surface of the stimulable phosphor 
sheet corresponding to said linear area of the 
front surface of the stimulable phosphor sheet 
and performing photoelectric conversion of the 
received light said line sensor comprising a 
plurality of photoelectric conversion devices 
arrayed along each of a length direction of said 
linear area of the stimulable phosphor sheet 
and a direction normal to said length direction, 
itf) scanning means for moving the stimulable 
phosphor sheet with respect to said tine light 
source and said line sensor and in a direction 
different from said length cfirection of said linear 
area of the stimulable phosphor sheet and 
iv) reading means for successively reading out- 
puts of said line sensor in accordance with said 
movement, said reading means being provided 
with operation means for performing operation 
processing on the outputs of said photoelectric 
conversion devices, which outputs have been 
obtained at respective positions of movement 
performed by said scanning means and corre- 
spond to an identical site on the stimulable 
phosphor sheet 

6& An apparatus as defined in Claim 67 wherein said 
line sensor comprises a plurality of sensor chips 
arrayed in a straight tine along said length direction 
of said linear area of the stimulable phosphor sheet 

6a An apparatus as defined in Claim 67 wherein said 
line sensor comprises a plurality of sensor chips 
arrayed in a zigzag pattern along said length direc- 
tion of said linear area of the stimulable phosphor 



70. An apparatus as defined in Claim 68 or 69 wherein 
each of said sensor chips comprises a plurality of 
photoelectric conversion devices arrayed in two- 
dimensional directions. 

s 

71. An apparatus as defined In Claim 67, 68, or 69 
wherein said line tight source is a broad area laser, 
which linearly radiates out the stimulating rays. 

10 72. An apparatus as defined In Claim 67, 68, or 69 
wherein the apparatus further comprises stimulat- 
ing ray guiding means for guiding the linear stimu- 
lating rays to the area of the stimulable phosphor 
sheet and emitted tight guiding means for guiding 
15 the light which is emitted from said linear area of 
the stimulable phosphor sheet, to said line sensor, 
and 
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at least part of an optical path of the stimulating 
rays from said line light source to the stimulable 
phosphor sheet and at least part of an optical 
path of the emitted light from the stimulable 
phosphor sheet to said Kne sensor overlap 
each other. 

73. An apparatuses defined in Claim 72 wherein at 
least part of optical elements, which constitute said 
stimulating ray guiding means, and at least part of 
optical elements, which constitute said emitted light 
guiding means, are utilized in common with each 
other. 

74. An apparatus as defined in Claim 67, 68, or 69 
wherein a light emission region of the stimulable 
phosphor sheet is partitioned by a stimulating ray 
reflecting partition member, which extends in a 
thickness direction of the stimulable phosphor 
sheet into a plurality of fine cells. 

75. An apparatus as defined in Claim 67, 68, or 69 
wherein the stimulabte phosphor sheet is capable 
of emitting light from the front and back surfaces, 

two fine sensors are utilized, each of which is 
located on one of the front and back surface 
sides of the stimulabte phosphor sheet, said 
two line sensors detecting two image signals, 
each of which is made up of a series of image 
signal components representing pixels in the 
radiation image, from the front and back sur- 
faces of the stimulable phosphor sheet and 
said reading means performs operation 
processing on image signal components of 
said two image signals, which Image signal 
components represent corresponding pixels on 
the front and back surfaces of the stimulable 
phosphor sheet. 
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76. An apparatus as defined in Claim 75 wherein two 
line light sources are utilized, each of which is 
located on one of the front and back surface sides 
of the stimulate phosphor sheet. 

5 

77. An apparatus as defined in Claim 67, 68, or 69 
wherein the stimulate phosphor sheet is capable 
of emitting light from the front and back surfaces, 

the apparatus further comprises sensor shifting to 
means for operating such that, after detection 
of the emitted light from one of the front and 
back surfaces of the stimulable phosphor sheet 
has been finished, said sensor shifting means 
shifts said line sensor to the opposite surface is 
side of the stimulable phosphor sheet, said line 
sensor thereby detecting two image signals, 
each of which is made up of a series of image 
signal components representing pixels in the 
radiation image, from the front and back sur- 20 
faces of the stimulable phosphor sheet, and 
said reading means performs operation 
processing on image signal components of 
said two image signals, which image signal 
components represent corresponding pixels on 25 
the front and back surfaces of the stimulable 
phosphor sheet 

70. An apparatus as defined in Claim 77 wherein said 
sensor shifting means shifts both said line sensor 30 
and said line light source to the opposite surface 
side of the stimulable phosphor sheet. 

79. An apparatus as defined in Claim 67, 68, or 69 
wherein the stimulable phosphor sheet is capable 3s 
of emitting light from the front and back surfaces, 

the apparatus further comprises sheet revers- 
ing means for operating such that, after detec- 
tion of the emitted light from one of the front 40 
and back surfaces of the stimulable phosphor 
sheet has been finished, said sheet reversing 
means reverses the front and back surfaces of 
the stimulable phosphor sheet, said line sensor 
thereby detecting two image signals, each of 4s 
which is made up of a series of image signal 
components representing pixels in the radia- 
tion image, from the front and back surfaces of 
the stimulable phosphor sheet, and 
said reading means performs operation so 
processing on image signal components of 
said two image signals, which Image signal 
components represent corresponding pixels on 
the front and back surfaces of the stimulable 
phosphor sheet 55 

80. An apparatus as defined in Claim 75 wherein a light 
emission region of the stimulable phosphor sheet is 



partitioned by a stimulating ray reflecting partition 
member, which extends in a thickness direction of 
the stimulable phosphor sheet, into a plurality of 
fine cells. 

81. An apparatus as defined in Claim 77 wherein a light 
emission region of the stimulable phosphor sheet is 
partitioned by a stimulating ray reflecting partition 
member, which extends in a thickness direction of 
the stimulable phosphor sheet, into a plurality of 
fine cells. 

82. An apparatus as defined in Claim 79 wherein a tight 
emission region of the stimulable phosphor sheet is 
partitioned by a stimulating ray reflecting partition 
member, which extends in a thickness direction of 
the stimulable phosphor sheet, into a plurality of 
fine celts. 

83. An apparatus as defined in Claim 75 wherein, in 
cases where said line light source and said line 
sensor are located on the same surface side of the 
stimulable phosphor sheet at least part of an opti- 
cal path of the stimulating rays from said tine light 
source to the stimulable phosphor sheet and at 
least part of an optical path of the emitted fight from 
the stimulable phosphor sheet to said line sensor 
overlap each other. 

84. An apparatus as defined in Claim 77 wherein, in 
cases where said tine light source and said line 
sensor are located on the same surface side of the 
stimulable phosphor sheet at least part of an opti- 
cal path of the stimulating rays from said line light 
source to the stimulable phosphor sheet and at 
least part of an optical path of the emitted light from 
the stimulable phosphor sheet to said line sensor 
overlap each other, 

85. An apparatus as defined in Claim 79 wherein, in 
cases where said line light source and said line 
sensor are located on the same surface side of the 
stimulable phosphor sheet, at least part of an opti- 
cal path of the stimulating rays from said tine light 
source to the stimulable phosphor sheet and at 
least part of an optical path of the emitted tight from 
the stimulable phosphor sheet to said line sensor 
overlap each other. 

86. An apparatus as defined in Claim 67, 68, or 69 
wherein the stimulable phosphor sheet is a stimula- 
ble phosphor sheet for energy subtraction process- 
ing, which stores two radiation images of a single 
object formed with radiation having different energy 
distributions, the stimulable phosphor sheet being 
capable of emitting light which carries information 
of one of the two radiation images, from the front 
surface, and emitting light, which carries informa- 
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tion of the other radiation image, from the back sur- 
face, 

two line sensors are utilized, each of which is 
located on one of the front and back surface s 
sides of the stimulable phosphor sheet said 
two line sensors detecting two image signals, 
each of which is made up of a series of image 
signal components representing pixels in the 
radiation image, from the front and back sur- 10 
faces of the stimulable phosphor sheet, and 
said reading means is provided with means for 
performing a subtraction process on image sig- 
nal components of said two image signals, 
which image signal components represent cor- is 
reeponc&ng pixels on the front and back sur- 
faces of the stimulable phosphor sheet. 

87. An apparatus as defined in Claim 66 wherein two 
line tight sources are utilized, each of which is 20 
located on one of the front and back surface sides 
of the stimulable phosphor sheet 



88. An apparatus as defined In Claim 67, 68, or 69 
wherein the stimulable phosphor sheet is a stimula- 
bte phosphor sheet for energy subtraction process- 
ing, which stores two radiation images of a single 
object formed with radiation having different energy 
distributions, the stimulable phosphor sheet being 
capable of emitting light, which carries information 
of one of the two radiation images, from the front 
surface, and emitting fight, which carries informa- 
tion of the other radiation image, from the back sur- 
face, 



90. Arv apparatus as defined in Claim 67, 68, or 69 
wherein the stimutabte phosphor sheet is a stimuta- 
ble phosphor sheet for energy subtraction process- 
ing, which stores two radiation images of a single 
object formed with radiation having different energy 
distributions, the stimulable phosphor sheet being 
capable of emitting light, which carries information 
of one of the two radiation images, from the front 
surface, and emitting light, which carries informa- 
tion of the other radiation image, from the back sur- 
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the apparatus further comprises sensor shifting 
means for operating such that after detection 
of the emitted light from one of the front and 
back surfaces of the stimulable phosphor sheet 
has been finished, said sensor shifting means 40 
shifts said tine sensor to the opposite surface 
side of the stimulable phosphor sheet, said line 
sensor thereby detecting two image signals, 
each of which is made up of a series of image 
signal components representing pixels in the 45 
radiation image, from the front and back sur- 
faces of the stimulable phosphor sheet, and 
said reading means is provided with means for 
performing a subtraction process on image sig- 
nal components of said two image signals, so 
which image signal components represent cor- 
responding pixels on the front and back sur- 
faces of the stimulable phosphor sheet. 

An apparatus as defined in Claim 88 wherein said es 
sensor shifting means shifts both said tine sensor 
and said line light source to the opposite surface 
side of the stimulable phosphor sheet 



the apparatus further comprises sheet revers- 
ing means fa operating such that after detec- 
tion of the emitted tight from one of the front 
and back surfaces of the stimulable phosphor 
sheet has been finished, said sheet reversing 
means reverses the front and back surfaces of 
the stimulable phosphor sheet, said line sensor 
thereby detecting two image signals, each of 
which is made up of a series of image signal 
components representing pixels in the racfia- 
tion image, from the front and back surfaces of 
the stimutabte phosphor sheet, and 
said reading means ts provided with means for 
performing a subtraction process on image sig- 
nal components of said two image signals, 
which image signal components represent cor- 
responding pixels on the front and back sur- 
faces of the stimulable phosphor sheet. 

91. An apparatus as defined in Claim 86 wherein a light 
emission region of the stimutable phosphor sheet is 
partitioned by a stimulating ray reflecting partition 
member, which extends in a thickness direction of 
the stimulable phosphor sheet, into a plurality of 
fine cells. 

92. An apparatus as defined in Claim 88 wherein a tight 
emission region of the stlmuiabie phosphor sheet is 
partitioned by a stimulating ray reflecting partition 
member, which extends in a thickness direction of 
the stimutabte phosphor sheet, Into a plurality of 
fine cells. 

93. An apparatus as defined in Claim 90 wherein a light 
emission region of the stimulable phosphor sheet is 
partitioned by a stimulating ray reflecting partition 
member, which extends in a thickness direction of 
the stimulable phosphor sheet into a plurality of 
fine cells. 

94. An apparatus as defined in Claim 86 wherein, in 
cases where said line light source and said tine 
sensor are located on the same surface side of the 
stimutable phosphor sheet at least part of an opt- 
cai path of the stimulating rays from said line light 
source to the stimutabte phosphor sheet and at 
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the stimulate phosphor sheet to said line sensor 
overlap each other. 

95. An apparatus as defined in Claim 83 wherein, in 5 
cases where sakJ Hne light source and said line 
sensor are located on the same surface side of the 
stimulate phosphor sheet, at least part of an opti- 
cal path of the stimulating rays from said line light 
source to the stfmuiabie phosphor sheet and at to 
least part of an optical path of the emitted light from 
the stimuiabta phosphor sheet to said line sensor 
overlap each other. 

96. An apparatus as defined in Claim 90 wherein, tn is 
cases where said line light source and said line 
sensor are located on the same surface side cf the 
stimulsble phosphor sheet, at least part of an opti- 
cal path of the stimulating rays from said line light 
source to the stimulate phosphor sheet and at so 
(east part of an optical path of the emitted light from 

the stimulate phosphor sheet to said line sensor 
overlap each other. 

97- An apparatus as defined in Claim 67 wherein sate 
area sensor ts a back" mumtnatsd type of CCD 
image sensor. 

98. An apparatus as defined in Claim 97 wherein said 
back illuminated type of CCD image sensor com- SO 
prises a plurality of back illuminated type of CCD 
image sensor chips arrayad in a straight Una along 
said length direction of said linear area of the stim- 
ulable phosphor sheet. 

35 

99. An apparatus as defined in Claim 97 wherein said 
back illuminated type of CCD image sensor com- 
prises a plurality of back illuminated type of CCD 
image sensor chips arrayed in a zigzag pattern 
along said length direction of said linear area of the 40 
stimuiabie phosphor sheet. 

100. An apparatus as defined in Claim 33 or 93 wherein 
each of said hack illuminated type of CCD image 
sensor chips comprises a plurality of photoelectric «■ 
conversion devices arrayed in twG<fimensior>af 
directions. 

101 -An apparatus as defined in Claim 97, 98, or 99 
wherein the apparatus further comprises cooling SO 
maans tor cooling said back nluminatad typa of 
CCD image sensor. 

102. An apparatus as defined in Claim 67, 68. or 69 
wherein said line iiQht source is constituted of an 
organic EL derice. 

103. An apparatus as defined in Claim 67. 68. or 69 



wherein the apparatus further comprises light guid- 
ing optica! system for guiding the light, which is 
emitted by the sttmutebfe phosphor sheet, to the 
line sensor, 

said scanning means moves the stimulate 
phosphor sheet with respect to said tine light 
source, said light guiding optical system, and 
said line sensor, and 

said light guiding optica] system has been sub- 
jected to coloring for transmitting only the emit- 
ted fight and filtering out the stimulating rays. 

104- A radiation image read-out apparatus, comprising: 

f) a line light source for linearly irradiating stim- 
ulating rays onto an area of a front surface of a 
stimutable phosphor sheet on which a radia- 
tion image has been stored, the stimulating 
rays causing the stimulate phosphor sheet to 
emit tight in proportion to an amount of energy 
stored thereon during its exposure to radiation. 
h) a line sensor for receiving light which is 
emitted from the linear area of the front surface 
of the stjrnuiabie phosphor sheet exposed to 
the linear stimulating rays or from a linear area 
ol a back surface of the stimulate phosphor 
sheet corresponding to said linear area of the 
front surface of the sii mutable phosphor sheet, 
and performing photoelectric conversion of the 
received Tight, said line sensor comprising a 
plurality of photoelectric conversion devices 
arrayed* along a length direction of said linear 
area of the stimulate phosphor sheet. 

iii) scanning means lor moving the stimutafcie 
phosphor sheet with respect to said line light 
source and said line sensor and in a direction 
different from a length direction of said linear 
area of the stimuiable phosphor sheet, and 

iv) reading means for successively reeding out- 
puts of said photoelectric conversion devices of 
said line sensor in accordance with said move- 
ment. 

wherein said line tight source is a broad area 
laser, which linearly radiates out the stimulating 
rays. 

105. A radiation image read-out apparatus, comprising: 

i) a line light source for linearly radiating stimu- 
lating rays, which hava bean produced by a One 
light source, 

iO Emulating rayr guiding means for gukSng the 
linear stimulating rays to an area of a stimuls- 
ble phosphor sheet on which a raoMor* image 
has been stored, the stimulating rays causing 
the stimutable phosphor sheet to emit light in 
proportion to an amount of energy stored ther- 
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60 n uUi illy fte 6XpuSUf6 tO ittuidtion. 
iii) a line ocTiSOT for tcCeiVinu light, WhiCh is 

emitted from the linear area at the stimulate 

phOSpuOf Sheet exposed tO u~i8 linear Sumuiar 

ing rays, and performing photoelectric conver- 
sion of the received light said line sensor 
comprising a plurality of photoelectric cenver- 
Siun ueviueS uriaywj aiOiw & iei tylh do eOuOii of 

said linear area of the stimulabie phosphor 

sheet,. 

;v) emitted light guiding mssns for guiding the 

iignr . which is Rmrriori frnm thn linear arna of 

the stimulate phosphor sheet exposed to the 

linear stim\tt?ttinn rays, to sgiri Hnn Rnnsor. 
v) scanning means for moving the stimulsbls 
phosphor sheet witti respect to said sine light 

SOv^Ct? 1 nTmi Said *»mt? 5^f»o*v »rv a C^fcOt»0» r « 
dsferera from the length csrecdon of said unear 

5T65 Cf the SwnTureBuJa pnOopnCf ShSSi. Slid 

vf) reacihg means for siiecess&eiy reading out- 
puts Of Saicf nutr SeHSOf in aCCOf Ctence With SetiCf 

movement 

wherein at feast part of an cptrcai path of the 
stimulating rays from said line light source to 
me stimulate phosphor sheet and at least pan 
o? an optical path of the emitted light from the 
stimulate phosphor sheet to said line sensor 
overlap each other. 

106. An apparatus as defined in Claim 105 wherein at 
least part of optical elements, which constitute said 
stimulating ray guiding means, and at least part of 
optical elements, which crwtstitute sain* emitted light 
guiding means, are utilized in common with each 
other, 

107. A radiation image read-out apparatus, comprising: 

i) a line tight source for linearly irradiating stim- 
ulating rays onto an area of a front surface of a 
stimulabie phosphor sheet, on which a radia- 
tion image has been stored, the stimulating 
rays causing the stirnuiable phosphor sheet to 
emit light in proportion to an amount of energy 
stored thereon during its exposure to radiation, 
B) a line sensor for receiving tight which is 
emitted from the linear area of the front surface 
of the stimulabie ph o spho r sheet exposed to 
the linear stimulating rays or from a linear area 
of a back surface of the stimulate phosphor 
sheet corresponding to said linear area of the 
front surface of the stimulabie phosphor sheet, 
and performing photoelectric conversion of the 
received light said line sensor comprising a 
plurality of photoelectric conversion devices 
arrayed along a length direction of said linear 
area of the stimulabie phosphor sheet, 
iii) scanning means for moving the stimulabte 



phosphor sheet with respect to said line light 
source and said line sensor and In a direction 
different from said length direction of said linear 
area of the stimulabie phosphor sheet, and 
5 iv) reading means tor successively reading out- 

puts of said line sensor in accordance with said 
nisvenrisnt 

wherein a light w'nissiori leuiun Oi the Sun'tuta- 

b!e phosphor sheet is partitioned by a stimulat- 
iu ing ray reflecting pariitian member, which 

extends in a thickness direction of the stirnuis- 

hia rihosnhnr shRot. tnm a niuraiiTy of fine ceils. 
iiji}-A rarjtatinn imanR.rnari-oiit appar^i?, .enrnprisinn* 

15 

\) a line light source for ynearfy irradiating snnv 
t«aHn2 onto an aresi of a stsmutsibts phos- 
phor sheet on which a radiation image has 
been stored, the sferdiialirfg rays cstising ths 
20 s€rnL4ac4e phosphor sheet to emii $%rxi in pro- 

portion to an amount of energy stored thereon 
dunng r& exposure to radst&a, 
ir) a tine sensor for receiving fight wtrich is 
emitted from the linear area of the stimulabie 
25 phosphor sheet exposed to the linear stimulat- 

ing rays, and performing photoelectric conver- 
sion of die received light said One sensot 
comprising a plurality cf photoelectric conver- 
sion devices arrayed along a length direction of 
30 said linear area cf the stimulabie phosphor 

sheet, 

iii) scanning means for moving the stimulabie 
priosphnr sheet with respect to saki line light 
source and said line sensor, and 
as rv) reading means for reading outputs of said 

* photoelectric conversion devices constituting 
*said line sensor, which outputs are obtained at 
respective positions of movement performed 
by said scanning means, 
iwherein the stimulabie phosphor sheet is capa- 
ble of emitting light from front and back sur- 



two tine sensors are utilized, each of which 
45 is located on one of the front and back sur- 

face sides of the stimulabte phosphor 
sheet, said two line sensors detecting two 
image signals, each of which is made up of 
a series of image signal components rep- 
£0 resenting pixels in the radiation image, 

from the front and back surfaces of the 
stimulabie phosphor sheet, and 
said reading means performs operation 
processing on image signal components of 
65 said two image signals, which image signal 

components represent corresponding pix- 
els on the front and back surfaces of the 
stimulabie phosphor sheet. 
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109. An apparatus as defined in Claim 108 wherein two 
line light sources are utilized, each of which is 
located on one of the front and back surface sides 
of the stimuiabie phosphor sheet. 

1 10. A radiation image read-out apparatus, comprising: 

i) a tine light source for linearly irradiating stim- 
ulating rays onto an area of a stimuiabie phos- 
phor sheet, on which a radiation image has io 
been stored, the stimulating rays causing the 
stimuiabie phosphor sheet to emit Tight in pro- 
portion to an amount of energy stored thereon 
during its exposure to radiation, 

ii) a line sensor for receiving light, which is 1$ 
emitted from the linear area of the stimuiabie 
phosphor sheet exposed to the linear stimulat- 
ing rays, and performing photoelectric conver- 
sion of the received light said line sensor 
comprising a plurality of photoelectric conver- 20 
sion devices arrayed along a length direction of 
said linear area of the stimuiabie phosphor 
sheet, 

Hi) scanning means for moving the stimuiabie 
phosphor sheet with respect to said tine light 2s 
source and said line sensor, and 
fv) reading means for reading outputs of said 
photoelectric conversion devices constituting 
said line sensor, which outputs are obtained at 
respective positions of movement performed 30 
by said scanning means, 
wherein the stimuiabie phosphor sheet is capa- 
ble of emitting light from from and back sur- 
faces, 

35 

the apparatus further comprises sensor 
shifting means for operating such that, 
after detection of the emitted light from one 
of the front and back surfaces of the stimu- 
iabie phosphor sheet has been finished, 40 
said sensor shifting means shifts said line 
sensor to the opposite surface side of the 
stimuiabie phosphor sheet, said line sen- 
sor thereby detecting two image signals, 
each of which is made up of a series of 4s 
image signal components representing 
pixels in the radiation image, from the front 
and back surfaces of the stimuiabie phos- 
phor sheet, and 

BO 

said reading means performs operation 
processing on image signal components of 
said two image signals, which image signal 
components represent corresponding pix- 
els on the front and back surfaces of the 66 
stimuiabie phosphor sheet. 

1 11 .An apparatus as defined in Claim 1 10 wherein said 
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sensor shifting means shifts both said line sensor 
and said line light source to the opposite surface 
side of the stimuiabie phosphor sheet. 

112.A radiation image readout apparatus, comprising: 

i) a line light source for linearly irradiating stim- 
ulating rays onto an area of a stimuiabie phos- 
phor sheet on which a radiation image has 
been stored, the stimulating rays causing the 
stimuiabie phosphor sheet to emit light in pro- 
portion to an amount of energy stored thereon 
during its exposure to radiation, 

ii) a line sensor for receiving light which is 
emitted from the linear area of the stimulabte 
phosphor sheet exposed to the linear stimulat- 
ing rays, and performing photoelectric conver- 
sion of the received light, said line sensor 
comprising a plurality of photoelectric conver- 
sion devices arrayed along a length direction of 
said linear area of the stimuiabie phosphor 
sheet 

iii) scanning means for moving the stimuiabie 
phosphor sheet with respect to said tine light 
source and said line sensor, and 

iv) reading means for reading outputs of said 
photoelectric conversion devices constituting 
said line sensor, which outputs are obtained at 
respective positions of movement performed 
by said scanning means, 
wherein the stimuiabie phosphor sheet is capa- 
ble of emitting light from front and back sur- 
faces, 

the apparatus further comprises sheet 
reversing means for operating such that, 
after detection of the emitted light from one 
of the front and back surfaces of the stimu- 
iabie phosphor sheet has been finished, 
said sheet reversing means reverses the 
* front and back surfaces of the stimuiabie 
1 phosphor sheet said line 6ensor thereby 
1 detecting two image signals, each of which 
1 is made up of a series of image signal 
components representing pixels in the 
radiation image, from the front and back 
surfaces of the stimuiabie phosphor sheet, 
and 

said reading means performs operation 
processing on image signal components of 
said two image signals, which image signal 
components represent corresponding pix- 
els on the front and back surfaces of the 
stimuiabie phosphor sheet. 

11 3. An apparatus as defined in any of Claims 108 to 
1 12 wherein a light emission region of the stimuia- 
bie phosphor sheet is partitioned by a stimulating 
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ray reflecting partition member, which extends in a 
thickness direction of the stimulate phosphor 
sheet, into a plurality of fine cells 

114, An apparatus as defined in any of Claims 108 to s 
112 wherein, in cases where said fine light source 
and said line sensor are located on the same sur- 
face side of the sti mutable phosphor sheet at least 
part of an optical path of the stimulating rays from 
said line light source to the stimulate phosphor w 
sheet and at least part of an optical path of the emit- 
ted light from the stimulate phosphor sheet to said 
line sensor overlap each other. 

1 1 5. A radiation image read-out apparatus, comprising: is 

i) a line fight source for linearly irradiating stim- 
ulating rays onto an area of a stimutable phos- 
phor sheet, on which a radiation image has 
been stored, the stimulating rays causing the 20 
stimulate phosphor sheet to emit light in pro- 
portion to an amount of energy stored thereon 
during its exposure to radiation, 

ii) a line sensor lor receiving light, which is 
emitted from the linear area of the stimutable 2s 
phosphor sheet exposed to the linear stimulat- 
ing rays, and performing photoelectric conver- 
sion of the received light, said line sensor 
comprising a plurality of photoelectric conver- 
sion devices arrayed along a length direction of 30 
said linear area of the etimufabie phosphor 
sheet, 

iii) scanning means for moving the stimutable 
phosphor sheet with respect to said fine light 
source and said line sensor, and as 

iv) reading means for reading outputs of said 
photoelectric conversion devices constituting 
said line sensor, which outputs are obtained at 
respective positions of movement performed 

by said scanning means, 40 
wherein the stimutable phosphor sheet Is a 
stimutable phosphor sheet for energy subtrac- 
tion processing, which stores two radiation 
images of a single object formed with radiation 
having different energy distributions, the stimu- 45 
table phosphor sheet being capable of emitting 
light, which carries information of one of the 
two radiation images, from a front surface, and 
emitting light, which carries information of the 
other radiation image, from a back surface, so 

two line sensors are utilized, each of which 
is located on one of the front and back sur- 
face, sides of the stimulate phosphor 
sheet, 6aid two line sensors detecting two ss 
image signals, each of which is made up of 
a series of image signal components rep- 
resenting pixels in the radiation image, 
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from the front and back surfaces of the 
stimulabie phosphor sheet, and 
said reading means is provided with 
means for performing a subtraction proc- 
ess on image signal components of said 
two image signals, which image signal 
components represent corresponding pix- 
els on the front and back surfaces of the 
stimulabie phosphor sheet. 

11 6. An apparatus as defined in Claim 115 wherein two 
line light sources are utilized, each of which is 
located on one of the front and back surface sides 
of the stimulabie phosphor sheet 

11 7. A radiation image read-out apparatus, comprising: 

i) a line tight source for linearly irradiating stim- 
ulating rays onto an area of a stimulabie phos- 
phor sheet on which a radiation image has 
been stored, the stimulating rays causing the 
stimulabie phosphor sheet to emit light in pro- 
portion to an amount of energy stored thereon 
during Hs exposure to radiation, 
if) a line sensor for receiving tight, which is 
emitted from the linear area of the stimulabie 
phosphor sheet exposed to the linear stimulat- 
ing rays, and performing photoelectric conver- 
sion of the received light said line sensor 
comprising a plurality of photoelectric conver- 
sion devices arrayed along a length direction of 
said linear area of the stimulabie phosphor 
sheet 

iii) scanning means for moving the stimulabie 
phosphor sheet with respect to said line light 
source and said line sensor, and 

iv) reading means for reading outputs of said 
photoelectric conversion devices constituting 
said line sensor, which outputs are obtained at 
respective positions of movement performed 
by said scanning means, 

wherein the stimutable phosphor sheet is a 
stimulabie phosphor sheet for energy subtrac- 
tion processing, which stores two radiation 
images of a single object formed with radiation 
having different energy distributions, the stimu- 
labie phosphor sheet being capable of emitting 
light which carries information of one of the 
two radiation images, from a front surface, and 
emitting light, which carries information of the 
other radiation image, from a back surface, 

the apparatus further comprises sensor 
shifting means for operating such that, 
after detection of the emitted light from one 
of the front and back surfaces of the stimu- 
labie phosphor sheet has been finished, 
said sensor shifting means shifts said tine 
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sensor to the opposite surface side of the 
stimulate phosphor sheet said line sen- 
sor thereby detecting two image signals, 
each of which is made up of a series of 
image signal components representing $ 
pixels in the radiation image, from the front 
and back surfaces of the stimulable phos- 
phor sheet, and 

said reading means is provided with 
means for performing a subtraction proc- 10 
ess on image signal components of said 
two image signals, which image signal 
components represent corresponding pix- 
els on the front and back surfaces of the 
stimulate phosphor sheet. is 

118. An apparatus as defined in Claim 1 17 wherein said 
sensor shifting means shifts both said line sensor 
and said line light source to the opposite surface 
side of the stimulable phosphor sheet 20 

119. A radiation image read-out apparatus, comprising: 

i) a line light source for linearly irradiating stim- 
ulating rays onto an area of a stimutable phos- ss 
phor sheet, on which a radiation image has 
been stored, the stimulating rays causing the 
stimufable phosphor sheet to emit light in pro- 
portion to an amount of energy stored thereon 
during its exposure to radiation, 30 
H) a line sensor tor receiving light, which is 
emitted from the linear area of the stimulable 
phosphor sheet exposed to the linear stimulat- 
ing rays, and performing photoelectric conver- 
sion of the received light said tine sensor 35 
comprising a plurality of photoelectric conver- 
sion devices arrayed along a length direction of 
said Hnear area of the stimutable phosphor 
sheet, 

iii) scanning means for moving the stimulable 40 
phosphor sheet with respect to said line light 
source and said line sensor, and 
tv) reading means for reading outputs of said 
photoelectric conversion devices constituting 
said line sensor, which outputs are obtained at 4s 
respective positions of movement performed 
by said scanning means, 
wherein the stimulable phosphor sheet is a 
stimulable phosphor sheet tor energy subtrac- 
tion processing, which stores two radiation so 
images of a single object formed with radiation 
having different energy distributions, the stimu- 
lable phosphor sheet being capable of emitting 
light, which carries information of one of the 
two radiation images, from a front surface, and ss 
emitting light, which carries information of the 
other radiation image, from a back surface, 
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the apparatus further comprises sheet 
reversing means tor operating such that, 
after detection of the emitted tight from one 
of the front and back surfaces of the stimu- 
table phosphor sheet has been finished, 
said sheet reversing means reverses the 
front and back surfaces of the stimulable 
phosphor sheet said line sensor thereby 
detecting two image signals, each of which 
is made up of a series of image signal 
components representing pixels in the 
radiation image, from the front and back 
surfaces of the stimutable phosphor sheet, 
and 

said reading means is provided with 
means tor performing a subtraction proc- 
ess on image signal components of said 
two image signals, which image signal 
components represent corresponding pix- 
els on the front and back surfaces of the 
stimulable phosphor sheet 

120. An apparatus as defined in any of Claims 115 to 
119 wherein a light emission region of the stimuta- 
ble phosphor sheet is partitioned by a stimulating 
ray reflecting partition member, which extends in a 
thickness direction of the stimulable phosphor 
sheet into a plurality of fine cells. 

121 .An apparatus as defined in any of Claims 115 to 
119 wherein, in cases where said line light source 
and said line sensor are located on the same sur- 
face side of the stimulable phosphor sheet, at least 
part of an optical path of the stimulating rays from 
said line light source to the stimutable phosphor 
sheet and at least part of an optical path of the emit- 
ted light from the stimulable phosphor sheet to said 
line sensor overlap each other. 

122. A radiation image read-out apparatus, comprising: 

0 a line light source tor linearly irradiating stim- 
ulating rays onto an area of a front surface of a 
stimulable phosphor sheet on which a radia- 
tion image has been stored, the stimulating 
rays causing the stimulable phosphor sheet to 
emit light in proportion to an amount of energy 
stored thereon during its exposure to radiation, 
ii) a line sensor for receiving light, which is 
emitted from the linear area of the front surface 
of the stimulable phosphor sheet exposed to 
the linear stimulating rays or from a linear area 
of a back surface of the stimulable phosphor 
sheet corresponding to said linear area of the 
front surface of the stimulable phosphor sheet, 
and performing photoelectric conversion of the 
received light, said line sensor comprising a 
plurality of photoelectric conversion devices 
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arrayed along a length direction of said linear 
area off the stimulate phosphor sheet 

iii) scanning means for moving the stimulable 
phosphor sheet with respect to said tine tight 
source and said line sensor and in a direction s 
different from a length direction of sakj linear 
area of the stimulable phosphor sheet and 

iv) reading means for successively f eadirw out- 
puts of said photoelectric conversion devices of 
said line sensor in accordance with said move- 10 
ment 

wherein saki line sensor is a back illuminated 
type of CCD image sensor. 

1 23. An apparatus as defined in Claim 1 22 wherein said is 
bad? illuminated type of CCD image sensor com- 
prises a plurality of back illuminated type of CCD 
image sensor chips arrayed in a straight line along 
said length direction of said linear area of the stim- 
ulable phosphor sheet 20 

124. An apparatus as defined in Claim 122 wherein said 
back illuminated type of CCD image sensor com- 
prises a plurality of back illuminated type of CCD 
image sensor chips arrayed in a zigzag pattern 25 
along said length direction of said linear area of the 
stimulate phosphor sheet. 

125. An apparatus as defined in Claim 122, 123, or 124 
wherein the apparatus further comprises cooling so 
means for cooling said back illuminated type of 
CCD image sensor. 

126. A radsSon image read-out apparatus, comprising: 

i) a Rne Rght source for linearly irradiating stim- 
ulating rays onto an area of a front surface of a 
stimulable phosphor sheet, on which a radia- 
tion image has been stored, the stimulating 
rays causing the stimulable phosphor sheet to 
emit tight in proportion to an amount of energy 
stored thereon during its exposure to radiation, 

ii) a line sensor for receiving light which is 
emitted from the linear area of the front surface 

of the stimulable phosphor sheet exposed to 4s 
the linear stimulating rays or from a linear area 
of a back surface of the stimulable phosphor 

sheaf corres^nnriing tn said linear are* of the 
front surface of the stimulabfe phosphor sheet. 

?.nd performing pnotoeiwrric rrjnvRrKtnn of trip mi 
I'SCStivad l&hL Suki lints COittpf&ftg & 

plurality of photoelectric emersion devices 

«H"ay«si akifiu. a &rt$2ih diierikxi uf saki Unas? 
area of the stimuiabie phosphor sheet, 
Si) scanning means for moving the Sufnulefcle 
phosphor sheet with respect to said fine fight 
source and said line sensor and in a direction 
different from a length direction of said linear 



area of the stimulable phosphor sheet, and 
iv) reading means for successively reading out- 
puts of said photoelectric conversion devices of 
said tine sensor in accordance with said move- 
ment. 

wherein said tine light source is constituted of 
an organic EL device. 

127. A radiation image read-out apparatus, comprising: 

I) line fight source for linearly irradiating stimu- 
lating ray? onto an area of a front surface of a 
stimulabia phosphor sheet, on which a radia- 
tion image has been stored, the stimulating 
rays causing the stimulable phosphor sheet to 
emit light in proportion to an amount of energy 
stored thereon during its exposure to radiation, 
ii) a Brie sensor for receiving fight, which is 
emitted from the linear area of the front surface 
of the stimulable phosphor sheet exposed to 
the linear stimulating rays or from a linear area 
of a back surface of me stimulable phosphor 
sheet corresponding to said linear area of the 
front surface of the stimulable phosphor sheet, 
and performing photoelectric conversion of the 
received ISght, said fine sensor comprising a 
plurality of photoelectric conversion devices 
arrayed along a longth rJrection of said linear 
area of the stimulable phosphor sheet, 
Hi) a light guiding optical system for guiding the 
emitted light said light guiding optical system 
being located between the stimulable phosphor 
sheet and said iine sensor, and 
iv) scanning means for moving the stimulable 
phosphor sheet with respect to said line light 
source, said light guiding optical system, and 
said line sensor and in a direction drffererrtfrom 
a length direction of said linear area of the stim- 
ulable phosphor sheet, 

wherein said light guiding optical system has 
been subjected to coloring tor transmitting only 
the emitted light and filtering out the stimulating 
rays. 

128. A radiation image read-out apparatus, comprising: 

0 a surface light source for Irradiating stimulat- 
ing rays onto a front surface of a stimuiahle 
phosphor sh@et, on which a radiation imago 
has 0««n Kfnrw. the stimulating njiys raising 
Lite S&Vwiabia phosphor Shssi Ic Stiii light in 

proportion to an amount of energy stored trier- 

ecKi uuiifK? Ha expusui e to rsuiaiktfi, 
ii) an area sensor for receiving fight, which is 
emitted from the area of the front surface of the 
siimulabie phosphor sheet eqDOsed to the stim- 
ulating rays or from an area of a back surface of 
the stimufabie phosphor sheet corresponding 
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to said area of the front surface of the stimula- 
te phosphor sheet and performing photoelec- 
tric conversion of the received light, said area 
sensor comprising a plurality of arrayed photo- 
electric conversion devices, and 5 
iii) reading means for reading outputs of said 
photoelectric conversion devices constituting 
said area sensor, 

wherein said area sensor is a back illuminated 
type of CCD image sensor. 10 



129.An apparatus as defined in Claim 128 wherein said 
back illuminated type of CCD image sensor com- 
prises a plurality of arrayed back illuminated type of 
CCD image sensor chips. is 



1 30.An apparatus as defined in Claim 129 wherein each 
of said back illuminated type of CCD image sensor 
chips comprises a plurality of photoelectric conver- 
sion devices arrayed in two-dimensional directions. 20 



131 .An apparatus as defined in Claim 128, 129, or 130 
wherein the apparatus further comprises cooling 
means for cooling said back illuminated type of 
CCD image sensor. 26 



132.A relation image read-out apparatus, comprising: 



0 a surface light source for irradiating stimulat- 
ing rays onto a front surface of a stimulable 30 
phosphor sheet, on which a radiation image 
has been stored, the stimulating rays causing 
the sti mutable phosphor sheet to emit light in 
proportion to an amount of energy stored ther- 
eon during its exposure to radiation, 35 
H) an area sensor for receiving light which is 
emitted from the area of the front surface of the 
stimulable phosphor sheet exposed to the stim- 
ulating rays or from an area of a back surface of 
the stimulable phosphor sheet corresponding 40 
to said area of the front surface of the stimula- 
ble phosphor sheet, and performing photoelec- 
tric conversion of the received light, said area 
sensor comprising a plurality of arrayed photo- 
electric conversion devices, and 46 
iii) reading means for reading outputs of said 
photoelectric conversion devices constituting 
said area sensor, 

wherein said surface light source is constituted 
of an organic EL device. so 
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